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1.  The  technical  report  transmitted  herewith  represents  the  results  of 
one  of  the  research  efforts  (work  units)  under  Task  4A  (Marsh  Develop- 
ment) of  the  Corps  of  Engineers'  Dredged  Material  Research  Program 
(DMRP).  Task  4A  is  part  of  the  Habitat  Development  Project  of  the  DMRP 
and  is  concerned  with  developing,  testing,  and  evaluating  the  environ- 
mental, economic,  and  engineering  feasibility  of  using  dredged  material 
as  a substrate  for  marsh  development. 

2.  Net  annual  aerial  primary  productivity  is  a commonly  used  descriptor 
of  the  value  of  salt  marshes.  Primary  productivity  here  is  considered 
the  rate  at  which  the  sun's  energy  is  stored  as  green  tissue  available 

to  the  ecosystem.  This  work  unit  (4A01A1)  deals  with  several  key  aspects 
of  the  primary  productivity  of  selected  minor  marsh  plants  in  Maine, 
Delaware,  and  Georgia.  Specifically,  the  topics  of  plant  density, 
biomass,  detrltal  flux,  mortality,  and  comparisons  of  techniques  for 
measuring  productivity  are  addressed.  The  information  derived  in  this 
study  should  be  of  direct  value  in  evaluating  the  relative  ecological 
Importance  of  potential  dredged  material  disposal  sites.  The  informa- 
tion provided  will  also  be  exceptionally  useful  in  the  design  of  new 
marsh  habitats  on  dredged  material. 

3.  Work  Unit  4A04A1  is  one  of  several  research  efforts  designed  by  the 
DMRP  to  document  marsh  productivity  and  the  factors  which  influence  that 
productivity.  Closely  related  work  units  are  4A04A2,  which  deals  with 
marsh  plant  substrate  selectivity  and  underground  biomass  production; 
4A04B,  which  addresses  the  productivity  of  minor  marsh  species  in 
Louisiana;  and  4A05  In  which  a simulation  model  to  predict  salt  marsh 
productivity  was  developed.  In  a less  intensive  study.  Work  Unit  4A20 
will  provide  a general  evaluation  of  salt  marsh  productivity  of  the 
Pacific  coast  of  the  United  States.  Additional  supportive  and  compara- 
tive data  will  be  forthcoming  with  the  final  analysis  of  the  results  of 
field  studies  at  Windmill  Point,  Virginia,  (4A11) ; Buttermilk  Sound, 
Georgia,  (4A12) ; Apalachicola,  Florida,  (4A19);  Bolivar  Peninsula, 

Texas,  (4A13) ; Pond  No.  3,  San  Francisco  Bay,  California,  (4A18) ; and 
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EXECUTIVE  SUMMARY 


Over  the  past  two  centuries,  many  of  our  nation's  wetlands  have 
been  filled  or  drained  for  agricultural,  Industrial,  or  residential 
expansion.  During  the  last  two  decades,  the  ecological  Importance  of 
wetlands  has  been  a focal  point  for  coastal  research.  Numerous  at- 
tempts have  been  made  to  classify  these  wetlands  In  terms  of  fish  and 
wildlife  habitats,  l.e.  according  to  aesthetic  or  subjective  values. 
Wetland  marsh  areas  have  been  defined  as  areas  that  are  Inundated  or 
recharged  with  sufficient  frequency  to  be  capable  of  supporting 
herbaceous  vegetation  that  requires  or  tolerates  the  saturated  soils 
for  growth  or  reproduction  under  normal  circumstances.  Numerous 
criteria  have  been  assessed  In  considering  the  Importance  of  these 
wetlands.  Hydraulics  and  stream  order,  the  depth,  frequency,  and  dura- 
tion of  flooding,  the  capacity  for  release  and  assimilation  of 
materials,  the  regional  mlcro-cllmatology , the  fish  and  wildlife 
habitat,  the  frequency  and  duration  of  saturation,  and  the  primary 
productivity  above  ground  and  below  ground  of  the  plants,  all  are 
parameters  that  have  received  attention  relative  to  establishing 
marsh  value  for  management  decisions.  Although  a number  of  scientific 
proofs  have  been  offered  relative  to  wetlands  values,  the  most 
credible  factors  concern  the  relationship  between  marsh  plant  produc- 
tion and  the  aquatic  fish  and  Invertebrate  production.  Past  studies 
have  focused  on  wildlife  and  natural  history  studies  of  the  fauna  of 
the  coast.  More  recently,  scientists  have  begun  to  quantify  the  growth 
or  primary  production  of  plants  since  this  primary  production  of  plants 
Is  the  basis  for  the  entire  coastal  estuarine  food  web. 

Proceeding  on  the  assumption  that  these  coastal  marshlands  do 
have  an  ecological  value,  some  marshes  must  be  more  valuable  than 
others.  There  also  must  be  ways  of  assessing  the  value  of  marshes  so 
that  management  decisions  relative  to  their  conservation  may  be  made. 
This  evaluation,  however,  must  be  quantitative,  scientific,  objective 
and  reasonable  as  a criterion  for  deciding  which  marshes  should  be 
protected  and  preserved  and  which  ones  should  be  exploited.  An 
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ecological  rating  system  that  relies  on  natural  resource  management 
principles  and  personnel  to  make  the  measurements  would  seem  to  be 
appropriate  to  quantify  the  Importance  of  various  types  of  wetlands. 

Research  efforts  In  the  past  two  decades  relative  to  the  primary 
productivity  of  marsh  plants  have  focused  on  the  plant,  Spartina 
atteimiflora.  Management  decisions  relative  to  marsh  were  made  on  a 
data  base  of  Spartina  dltemiflova.  When  other  species  of  plants 
were  considered  relative  to  marsh  perturbation,  they  were  always  con- 
sidered less  Important  or  "minor  species"  because  of  the  lesser  areal 
extent  when  contrasted  to  Spartina  altemiflora,  A thorough  review 
of  the  scientific  literature,  however,  revealed  that  any  management 
decisions  based  on  the  primary  productivity  of  the  "minor  species" 
of  marsh  plants  heretofore  had  been  based  on  mythology  and  not  upon 
competent  scientific  research.  Consequently,  the  purpose  of  this  study 
was  to  evaluate  the  Importance  of  the  primary  productivity  of  a variety 
of  species  of  salt  marsh  plants  commonly  occurring  along  the  eastern 
coast  of  the  United  States  relative  to  the  disposition  of  dredged 
material.  The  results  are  Intended  to  assist  In  management  decisions 
relative  to  marsh  values  which  In  turn  suggest  the  kinds  of  marsh  which 
can  be  altered  or  disturbed  or  used  as  sites  for  deposition  of  dredged 
material  during  waterway  maintenance  activities. 

Using  similar  methodology,  the  primary  production  of  the  salt 
marsh  plants  common  to  the  Atlantic  coastal  zone  was  determined  In 
Delaware,  Georgia,  and  Maine  over  a 2 yr  period.  Parameters  deter- 
mined Included  aerial  plant  density,  biomass,  detritus  flux,  estimated 
net  primary  productivity,  and  mortality.  The  elevation,  above  or 
below  mhw,  at  which  each  plant  exists  was  determined.  An  evaluation 
of  the  net  aerial  primary  production  estimation  methodology  was  also 
considered. 

At  the  outset  of  the  study.  It  was  considered  that  Spartina 
altemiflora  was  the  most  prolific  primary  producer  In  the  east  coast 
marshes.  It  was  also  assumed  that  marsh  primary  production  decreased 
with  Increasing  latitude.  Studies  heretofore  conducted  during 
different  years  using  different  methodologies  had  suggested  a dramatic 
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decrease  in  primary  production  in  the  more  northerly  latitudes  con- 
trasted with  the  southern  latitudes.  The  results  of  this  study  indi- 
cate that  SpoAtina  paXen6  in  Maine  and  SpoAtina.  cyno6uAO-ideA  in  Georgia 
are  among  the  most  productive  plants  along  the  eastern  coast.  This  is 
contrary  to  the  belief  that  SpoAtina  cUit(iAYU.f^toAOi  is  the  most  productive 
marsh  plant  in  Georgia.  JuncuA  QZAOAdLLL  on  the  creekbank  in  Maine  and 
V^tichtiA  ipi-Cata  and  SpaAtina.  pate.nA  in  Georgia  all  had  somewhat  les- 
ser primary  production  than  SpaAtina  patent  in  Maine  and  SpoAtUna 
cyno6uAoideA  in  Georgia.  In  ranking  these  species,  production  decreased 
among  the  plants  considered.  Those  of  the  lowest  production  included 

SpoaobotuA  viAginicuA  in  Georgia  and  JuncuA  geAOAdii  on  the  highmarsh 
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in  Maine.  The  primary  production  ranged  from  over  6,000  g/m  /yr  to 
2 

600  g/m  /yr.  An  analysis  of  the  four  parts  of  this  report  reveals  the 
tremendous  significance  of  the  formerly  known  "minor  species"  as 
important  sources  of  primary  production  and  detritus  for  the  sustenance 
of  the  estuarine  ecosystem.  Consideration  of  the  density  of  stems 
per  unit  area  reveals  that  the  greatest  stem  density  occurred  in  the 
plants  from  Maine.  Evaluation  of  the  tidal  range  in  which  the  plants 
live  revealed  that  none  of  the  plants  from  Delaware  or  Georgia  (ex- 
cept Spartina  aynosuroides)  live  below  mhw;  however,  several  of  the 
plant  species  in  Maine  occur  below  mhw. 

The  report  summarizes  a computation  of  each  of  the  measured 
variables  and  relates  the  results  to  earlier  literature.  The  data 
document  a highly  productive  nature  of  the  "minor  marsh  plant  species", 
formerly  considered  to  be  minor  simply  because  of  their  relatively 
lesser  abundance  and  supposedly  lower  productivity.  The  data  reveal 
that  in  terms  of  ecological  values  one  must  consider  the  estuarine 
macrophytes  studied  (Borriahia  fruteacena,  Diatiahlia  apiaata,  Iva 
fmteaaena,  Jimaua  gerardii,  Phragmitea  aorrmmia,  Spartina  altezmi- 
flora,  Spartina  aynoauroidea , Spartina  patena,  and  Sporobolua  virgini- 
aua)  as  valuable  natural  resource  components  when  planning  for  the 
deposition  of  dredged  material.  In  terms  of  detritus  production, 
the  main  energy  source  for  estuarine  metabolism,  the  contribution 
of  these  minor  plants  is  very  significant  and  deserving  of  attention 
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when  making  management  decisions.  Although  earlier  data  had  suggested 
the  latitudinal  differences,  the  results  revealed  that  there  was  no 
evidence  to  suggest  that  a difference  in  the  length  of  the  growing 
season  had  a pronounced  effect  on  the  maximum  values  of  the  parameters 
measured.  Although  the  environmental  metabolism  and  decomposition  of 
the  dead  material  was  greater  in  the  southern  latitudes,  the  primary 
production  appeared  to  be  more  equal  throughout  the  regime  studied. 
There  are  differences  in  the  climate,  soil  properties,  tidal  activity, 
and  other  biotic  and  abiotic  factors  that  act  on  any  single  site; 
therefore  differences  in  environmental  metabolism  account  for  the 
differences  in  primary  production  of  each  minor  marsh  plant  considered. 
Since  primary  production  is  one  of  the  more  important  parameters  of 
the  marsh  in  terms  of  an  ecological  evaluation,  intensive  consideration 
of  the  aerial  primary  production  reported  herein,  and  the  below-ground 
primary  production  (in  a companion  report  by  J.  L.  Gallagher  et  al.), 
become  essential  ingredients  in  competent  environmental  management 
decision  making. 
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PRIMARY  PRODUCTIVITY  OF  MINOR  MARSH  PLANTS  IN 


DELAWARE.  GEORGIA.  AND  MAINE 

PART  I : INTRODUCTION 

The  extensive  nature  of  this  study  has  resulted  In  reams  of 
information.  To  make  the  material  more  comprehensive  and  under- 
standable, it  has  been  segmented.  The  first  major  section  deals 
with  the  geographic  details  of  the  study  and  the  aerial  plant  density 
and  biomass  data  from  the  collection  sites  In  Delaware,  Georgia,  and 
Maine.  The  second  section  summarizes  the  detritus  flux,  mortality, 
and  estimated  net  primary  productivity  of  the  plants.  The  third 
section  discusses  the  problems  associated  with  primary  production 
estimation  and  considers  the  results  of  this  study  In  light  of 
several  methodologies  coainonly  employed  for  production  measurements. 
The  ancillary  data  related  to  climatological  data,  tidal  data,  monthly 
mean  values  for  living  biomass,  dead  biomass,  live: dead  ratios, 
living  stem  densities.  Individual  stem  weights,  percent  dead. 
Instantaneous  rate  of  detritus  flux,  mortality,  and  estimated  primary 
productivity  all  are  appended  to  the  report.  Some  Information  Is 
repeated  so  that  each  section  may  be  considered  Independently. 

General  data  are  presented  In  the  appendices  as  follows: 

Appendix  A - Monthly  Climatological  Data;  Appendix  B - Tidal  Data; 
and  Appendix  C - Monthly  Mean  Values  for  Anglosperms  Sampled. 
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PART  II:  BASELINE  INFORMATION  ON  AERIAL  PLANT  DENSITY  AND 
BIOMASS  FOR  SELECTED  ESTUARINE  ANGIOSPERMS 


Introduction 


1.  The  Importance  of  the  salt  marsh-estuarine  ecosystem  has 
been  well  documented  in  the  literature  (Odum  1961,  Teal  1962,  Odum 
and  de  la  Cruz  1967,  Cooper  1969,  Sweet  1971,  Gosselink  et  al. 

1974).  The  coastal  zone  of  the  United  States  appears  to  be  one  of 
the  most  economically  and  ecologically  productive  regions  in  the 
nation  (Reimold  1976.)  In  addition,  the  salt  marsh-estuarine 
ecosystem  has  been  shown  to  function  as  a buffer  zone  between 
tidal  waters  and  land  during  storms,  as  a nursery  ground  for  a 
variety  of  marine  organisms,  and  as  an  energy  source  for  the  estuary 
Itself.  However,  with  the  intensification  of  coastal  zone  usage 
(shore-line  development,  fisheries,  aquaculture,  and  mineral  explora- 
tion), it  is  necessary  to  gain  a more  complete  understanding  of  the 
salt  marsh  ecosystem. 

2.  A majority  of  studies  of  the  estuarine  system  energetics 
have  been  primarily  based  on  studies  of  Spartina  altemiflora 
(Smalley,  1958;  Morgan,  1961;  Odum,  1961;  Teal,  1962;  Good,  1965; 

Stroud  and  Cooper,  1968;  Johnson,  1970;  Kirby,  1971;  Durand  and 
Nadeau,  1972;  Keefe  and  Boynton,  1973;  Wlegert  et  al.,  1975).  Teal 
(1962)  assimilated  the  earlier  works  of  many  researchers  in  the 
southeastern  salt  marshes  and  produced  a conceptual  model  of  energy 
flow  and  the  magnitudes  of  cyclic  fluxes.  More  recently,  these  studies 
have  turned  to  mathematical  model  studies  incorporating  algal  activity 
Information,  nutrient  cycles,  aerial  harvest  information,  and  below- 
ground biomass  activity  (Pomeroy  et  al. , 1972;  Day  et  al.,  1973; 
Reimold,  1974;  Wlegert  et  al.,  1975). 

3.  As  Federal,  State,  and  private  interests  continue  to  exert 
efforts  toward  a more  complete  understanding  of  the  estuarine  system, 
energetics  studies  resulting  in  models  designed  to  predict  the  out- 
come of  perturbations  will  continue.  The  purpose  of  this  study  was 
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to  acquire  baseline  seasonal  density  and  biomass  estimates  of  the 
plant  species  often  Ignored  due  to  their  relatively  small  areal 
extent  along  the  eastern  shore  of  the  United  States.  This  Informa- 
tion Is  basic  to  all  energetics  studies  If  a complete  analysis  of 
the  salt  marsh-estuarine  system  Is  to  be  made  possible. 

• Methods 

4.  Saline  marsh  sites  In  Maine,  Delaware,  and  Georgia  were 
selected  for  study  (Figures  1-3).  Selection  criteria  Included  a 
broad  latitudinal  range  (31'’19'  to  A4“34'),  loglstlcally  feasible 
access  within  the  time  allowed  for  collection  and  preparation  of 
samples  (1  week),  and  laboratory  facilities  which  could  be  utilized 
for  Immediate  preparation  of  the  samples.  Marshes  were  selected 
which  had  similar  vegetative  diversity  with  monospecific  stands  of 

^ the  anglosperms  to  be  evaluated.  Sites  were  subjectively  selected 

In  order  to  limit  the  effect  of  varying  environmental  conditions. 

5.  Optimum  quadrat  size  used  for  sampling  aerial  plant  material 
was  determined  In  August  1973  according  to  the  method  of  Wlegert 
(1962).  The  plant  species  chosen  for  Investigation,  the  states 
where  they  were  sampled,  and  the  quadrat  sizes  used  are  shown  In 
Table  1. 

6.  Juncus  gerardii  stands  In  Maine  were  referred  to  as  creek- 
bank  where  the  plants  were  growing  on  a steep  slope  above  the  Spartina 
altemiflora  and  as  hlghmarsh  where  the  plants  were  growing  on  a 
relatively  flat  site  landward  of  the  creekbank  plants.  Similar 
differentiation  was  employed  In  the  Spartina  altemiftora  stands.  The 
Juncus  gepordii  stands  In  Maine  were  mixed  with  another  rush  nearly 
Identical  In  growth  form,  Juncus  balticus.  Because  of  the  periodic 
absence  of  fruiting  or  flowering  structures  necessary  for  separating 
the  two  during  sampling,  this  stand  was  treated  as  a monospecific 
stand  of  Juncus  gerardii, 

7.  A majority  of  the  plant  species  sampled  had  a limited 
geographic  distribution  and  were  therefore  unavailable  for  sampling 
In  all  states.  Phragmites  cormunis  and  Spartina  cynosuroides  had  a 
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Figure  3.  Geographic  location  of  collection  sites  in  Georgia; 
A - Diatiohlia  apicata,  Iva  fruteaoena,  Spartina  patena,  and 
Sporobolua  virginiaua;  B - Borriahia  fruteaaena; 

C - Spartina  cynoauroidea 


Table  1 

Anglosperas  Evaluated,  Their  Geographic  Location. 
and  Sample  Quadrat  Size  for  Collection  Sites 


Quadrat  size 

Anglosperms 

Location 

2 

m 

Borridhia  fruteeaene 

G 

0.50 

Diatichlis  spiaata 

D 

G 

0.01 

Iva  frutescens 

D 

G 

0.50 

Jimaus  gerardii^ 

M 

0.01 

Juncua  gerardii^ 

M 

D 

0.01 

Phragmitea  aomnmia 

D 

0.50 

Spartina  altemi floret 

I-i 

0.10 

Spartina  attemiftova^ 

M 

0.10 

Spartina  aynoauroidea 

G 

0.50 

Spartina  patena 

M 

D 

G 

0.01 

Sporobolua  virginiaua 

G 

0.01 

“m  “ Maine;  D • Delaware;  G ■ Georgia 

‘^Creekbank 

c 

Hlghmarsh 
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broader  latitudinal  growth  range  than  sampled;  however,  they  were 
not  found  In  an  area  where  sampling  could  be  done  baaed  on  the  criteria 
discussed  earlier.  Finally,  Spartina  atteimi flora  was  found  In  all 
locations  but  sampled  only  in  Maine.  Biomass  evaluations  for  Spartina 
altemiflora  in  the  southeastern  and  middle  Atlantic  coastal  regions 
were  already  well  documented  in  the  literature  (de  la  Cruz  1973, 

Hatcher  and  Mann  1975,  Relmold  et  al.  1975,  Mendelssohn  and  Marcellus 
1976,  and  Gallagher  et  al.  In  press).  Therefore,  this  angiosperm  was 
Investigated  only  in  Maine  where  literature  values  were  unavailable. 

8.  Contiguous  paired  plots  as  described  by  Wlegert  and  Evans 

(1964)  were  employed  for  the  collection  of  the  aerial  plant  material 

and  litter.  Stainless  steel  hand  pruners  or  dissecting  scissors  were 

utilized  for  harvesting.  Dissecting  scissors  were  used  on  all  plots 
2 

of  0.1  m or  smaller  to  Increase  the  accuracy  of  the  harvest  by 
potentially  decreasing  experimental  error  In  these  small  quadrats. 

Five  samples  were  taken  simultaneously  within  each  stand,  at  all 
locations,  and  at  56-day  Intervals  from  the  initiation  of  the  study 
on  27  August  1*173  through  Its  termination  on  25  August  1975  In 
Delaware  and  Georgia.  Iva  fruteeoena  and  Sporobolus  virginiaus 
sampling  was  not  Initiated  until  3 June  1974  and  continued  until  the 
termination  of  sampling  at  the  other  locations.  Because  of  the 
severity  of  the  winter  and  the  Impossibility  of  accurate  sampling 
during  months  when  the  Maine  site  was  covered  with  Ice  and  snow, 
sampling  In  Maine  was  restricted  to  late  spring,  summer,  and  early 
fall.  In  addition,  one  28-day  sampling  Interval  was  necessary  to 
approximate  initiation  time  of  spring  plant  growth  In  Maine. 

9.  Plant  material  harvested  In  the  field  was  separated  Into 
live  and  dead  components  and  placed  In  polyethylene  bags  of  sizes 
ranging  from  0.9  i to  208.0  i dependent  upon  the  amount  of  material 
present.  Iva  frutesoene  was  always  separated  Into  living  and  dead 
components  in  the  field  due  to  the  brittle  nature  of  the  dead  portions 
of  the  living  stems  which  when  mixed  with  standing  dead  tissue  were 
Inseparable.  Evidence  of  green  material  on  the  stem  dictated  the 
selection  of  living  plants,  and  material  with  an  absence  of  green 


coloration  was  asaeased  to  be  dead.  The  samples  were  returned  to  the 
preparation  laboratory  at  the  respective  sites  Immediately  following 
the  field  sampling.  Here  they  were  weighed  using  a Model  2197  Ohaus 
5-kg  balance  with  a sensitivity  of  + 0.5  g to  determine  fresh  weight 
values  to  the  nearest  1.0  g.  Dead  portions  of  the  living  plants 
were  stripped  off  and  weighed  separately.  The  necessity  of  sub- 
sampling  to  evaluate  dry  weights  was  determined  based  upon  the  amount 
of  material  that  would  adequately  fill  a 0.9-£  jar.  Samples  '.larvested 
in  Delaware  and  Maine  were  packaged  and  transported  by  air  to  Georgia 
where  they  were  placed  in  jars  and  dried  in  a mechanically  convected 
forced  draft  oven  at  100°  C to  a constant  weight.  All  samples  were 
removed  from  the  oven  when  dry  and  weighed  on  a Mettler  Model  Pll, 
11-kg-capacity  balance  with  a sensitivity  of  + 0.05  g.  Subsample 
data  were  expanded  to  include  the  complete  harvest  fresh  weights,  and 
subsequently  all  data  were  expanded  to  a square  metre  basis. 

10.  All  harvest  data  analyses  were  based  on  dry  weight  informa- 
tion. Natural  logarithmic  transformations  were  used  for  graphical 
presentation  to  equalize  the  variances  of  all  values  thac  had  a general 
tendency  to  increase  with  increasing  values  of  the  Y parameters. 
Transformations  were  also  used  to  present  information  graphically  on 
similar  or,  when  possible,  identical  scales.  The  physiognomy  of  the 
plant  species  evaluated  was  such  that  a wide  range  of  values  within 
any  parameter  was  observed,  making  it  impossible  to  plot  untrans- 
formed information  on  a comparative  scale.  Because  of  the  natural 
logarithmic  transformation,  the  value  of  one  was  added  to  all  values 
shown  graphically  to  avoid  unpresentable  zero  values.  Statistical 
evaluations  were  completed  according  to  Snedecor  and  Cochran  (1967). 

11.  The  Maine  data  graphically  portray  projected  minima  where 
applicable,  based  on  observations  during  periods  when  quantitative 
data  were  unobtainable.  The  dead  material  components  show  no  pro- 
jections during  periods  when  samples  were  not  collected,  since  there 
were  no  means  of  adequately  assessing  this  parameter  when  quantitative 
data  were  unavailable.  In  addition,  the  frozen,  often  ice  or  snow 
covered  marsh  led  to  the  asr^imptions  that  decomposition  was  negligible 
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during  these  periods  and  that  the  significant  Increases  or  decreases 
in  dead  material  amounts  were  monitored  by  the  data  collected  early 
or  late  in  the  season. 

Results  and  Discussion 

Borriahia  frutesaens 

12.  A seasonal  pattern  in  Borriahia  fruteecens  living  aerial 
biomass  was  evident  (Figure  4)  with  declining  live  material  during 
the  winter  and  maximum  biomass  during  the  summer.  The  maximum  bio- 
mass values  obtained  corresponded  to  times  of  flower  initiation  and 
development.  The  range  of  BoPriahia  frutesaens  dead  biomass  was  con- 
siderably smaller  than  that  of  the  standing  living  biomass  (Figure  4) 
and  no  clear  seasonal  trend  was  apparent  for  this  component.  Season- 
ality of  dead  material  might  be  evident  if  the  leaves  of  the  woody 
Borriahia  frutesaens  remained  attached  to  the  plant  or  remained  as 
litter  in  the  surrounding  area  after  abscission.  However,  this 
material  rapidly  disappeared  from  the  localized  area  due  to  periodic 
tidal  flushing.  Live  stem  densities  (Figure  4)  also  indicated  little 
seasonal  change  although  maximum  stem  counts  consistently  occurred 

in  late  spring  (Figure  4). 

13.  There  were  nearly  constant  amounts  of  dead  material  per 
stem  throughout  the  2 yr  evaluation  period  while  the  dry  weights  of 
individual  live  stems  showed  an  Increase  in  biomass  during  the  summer 
months  (Appendix  C) . 

Distiahlis  spiaata 

14.  Living  aerial  biomass  of  Distiahlis  spiaata  in  Delaware 

had  a more  extreme  range  of  values  than  did  the  Georgia  stand  (Figure 

5).  The  colder  weather  during  the  winter  months  in  Delaware  was 

assumed  to  be  the  major  factor  in  creating  this  difference.  Maximum 

2 

summer  living  biomass  was  hig.ier  in  Delaware  (1142  g/m  ) than  that 

2 

computed  for  Georgia  (458  g/m  ) with  peaks  in  August  or  September  in 

both  locations  although  the  Delaware  maximum  was  quite  variable.  Typl- 

2 

cal  summer  maximum  values  were  approximately  100  g/m  greater  in 
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shovm  when  smaller  than  the  size  of  the  symbol 


Delaware  than  In  Georgia.  The  increased  variability  noted  during  the 
winter  in  the  Delaware  samples  (Figure  5)  was  related  to  the  quadrat  size 
used  for  harvesting.  During  these  months,  there  were  insignificant 
amounts  of  living  material  present  in  the  Delaware  marsh,  and  the 
small  quadrat  size  resulted  in  increased  heterogeneity  of  the  samples. 
Although  the  natural  logarithmic  transformations  were  utilized  to 
equalize  the  variance,  in  this  instance,  the  procedure  tended  to  make 
the  smaller  biomass  variances  appear  more  extreme.  The  two  locations 
demonstrated  maximum  and  minimum  dead  biomass  on  the  same  collection 
dates  and  similar  ranges  (February  and  August,  respectively.  Figure  5). 
The  variation  in  magnitude  of  dead  material  in  Georgia  was  the  same 
as  the  range  of  dead  material  in  Delaware  and  nearly  two  times  that 
of  the  living  biomass  in  Delaware,  This  phenomenon  suggested  a sub- 
stantial litter  base  in  the  Georgia  Distiahlis  spicata  and  either  an 
unstable  community  where  litter  accumulation  was  a dominant  factor  or 
rapid  turnover  of  living  biomass  was  occurring, 

15,  Stem  densities  were  relatively  constant  for  Distiahlis 
spicata  in  Georgia  throughout  the  year.  High  densities  in  Delaware 
(Figure  6)  corresponded  to  the  warmer  summer  temperatures.  The 

Delaware  stand  was  more  dense  at  its  peak  than  the  Georgia  stand 

2 

(6160  and  2300  stems/ra  , respectively),  and  visual  observation  of  the 
two  stands  prior  to  the  initiation  of  sampling  suggested  no  such 
extreme  difference  in  density.  Weights  of  individual  living  stems 
were  greatest  in  late  summer  for  both  Distiahlis  spicata  stands,  with 
the  Delaware  stems  being  generally  lighter  in  weight  (Appendix  C) , 

The  estimated  percentage  of  the  living  plant  which  was  dead  during  the 
harvest  Intervals  indicated  that  either  the  Georgia  plants  lived 
longer  than  those  in  Delaware  or  that  new  shoots  were  initiated  more 
frequently  (Appendix  C),  Based  on  the  amount  of  dead  material  present 
in  Georgia,  it  appears  more  likely  that  new  shoots  were  initiated  more 
frequently  and  over  a longer  period  of  time.  This  observation  then 
suggests  that  the  mortality  rate  was  greater  in  Georgia  as  opposed  to 
the  earlier  suggestion  that  individual  stems  might  live  longer  in 
Georgia  than  those  in  Delaware. 
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Figure  6.  Natural  logarithmic  plots  living  stem  density  (mean  + S.E.)  for  Distiahlis 
spicata.  Standard  errors  are  not  shown  when  smaller  than  the  size  of  the  symbol. 


Iva  frutesaens 

16,  The  clumped  distribution  and  shrubby  growth  form  of  Iva 
frutesaens  caused  greater  component  variance  than  with  any  other  species 
sampled.  The  Iva  frutesaens  from  Georgia  and  Delaware  displayed 
nearly  identical  ranges  of  living  biomass  (Figure  7),  The  major  con- 
tribution of  Iva  frutesaens  to  the  estuarine  system  was  the  leaf  and 
flower  material  lost  from  the  plants  during  the  growing  season,  as 

with  Borriahia  frutesaens.  The  dry  weight  of  dead  Iva  frutesaens 
in  the  Delaware  marsh  was  both  greatest  and  smallest  in  late  fall 
and  early  winter.  Dead  biomass  of  Iva  frutesaens  in  Georgia  was 
smallest  in  the  spring  and  greatest  in  August  (Figure  7).  Neither 
stand  displayed  evidence  of  litter  accumulation.  The  difficulty 
experienced  in  separating  live  from  dead  stem  material  was  similar 
to  that  of  Borriahia  frutesaens  samples  where  stems  had  to  be  broken 
to  discern  this  difference.  The  stem  radius  on  this  plant  was  three 
to  four  times  greater  than  that  of  Borriahia  frutesaens , which  made 
harvesting  the  stems  at  ground  level  difficult. 

17,  Stem  density  data  (Figure  8)  Indicated  a greater  number  of 
living  Iva  frutesaens  stems  in  Delaware  than  collected  in  Georgia 
(Figure  8).  Although  seasonality  of  density  appeared  more  evident 

in  Georgia  than  in  Delaware,  stem  density  determination  was  often 
difficult  due  to  the  growth  form  of  the  plant  and  was  therefore  subject 
to  question.  The  Iva  frutesaens  in  Delaware  was  the  only  angiosperm 
at  that  location  which  had  a nonzero  winter  stem  density  or  living 
biomass  component. 

J uncus  cjerardii 

18.  The  amount  of  living  J.  gerardii  present  in  Delaware  de- 
clined earlier  in  the  season  than  other  plants  sampled  (Figure  9). 

Juncus  gerardii  live  biomass  showed  an  Increase  during  the  winter 
months  to  a peak  that  occurred  early  in  the  summer.  The  Maine  sites 
were  more  difficult  to  evaluate  because  of  the  varied  sampling  fre- 
quency described  earlier;  however,  a seasonal  pattern  was  discernable. 

19.  The  live  Junaus  gerardii  in  the  Maine  creekbank  stand 


25 


Figure  7.  Natural  logarithmic  plots  of  living  and  dead  aerial  dry  weight  biomass  (mean  + S.E. 
for  Iva  fvuteacens.  Standard  errors  arc  not  shown  when  smaller  than  the  size  of  the  symbol. 
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Figure  8.  Natural  logarithmic  plots  of  living  stem  density  (mean  + S.E 
Iva  fmtesaena.  Standard  errors  are  not  shovm  when  smaller  than 

the  size  of  the  symbol. 


I 

I 

declined  to  zero  in  November  where  it  remained  during  the  winter 
months.  This  decline,  indicated  by  a dashed  line  on  Figure  9,  was 
close  to  the  actual  conditions  present  based  primarily  on  qualitative 
observations  at  the  site  and  seasonal  climatological  data.  In  the 
highmarsh,  the  values  of  living  biomass  had  a smaller  range  than 
that  of  the  creekbank  Juncus  gerardii.  The  creekbank  data  indicated 
an  earlier  growth  period  possibly  due  to  the  buffering  of  environmental 
extremes  by  the  tides.  The  highmarsh  Junaus  gercopdii  was  subjected 
to  greater  climatological  extremes  early  in  the  spring. 

20.  The  dead  Junaus  gevardii  biomass  in  Delaware  (Figure  9) 
varied  more  than  that  of  those  plants  previously  discussed.  Decline 
in  dead  biomass  was  evident  in  later  spring  concomitantly  with  in- 
creasing living  biomass  patterns.  The  increase  in  the  Maine  creekbank 
dead  Junaus  genardii  appeared  to  be  directly  associated  with  a rapid 
decrease  in  standing  live  biomass.  The  decreased  dry  weight  of  live 
material  in  the  higlimarsh  sites,  as  compared  to  the  creekbank  site, 
was  significant  in  determining  the  potential  dead  material  contribu- 
tion at  any  single  sampling  time.  High  values  were  indicative  of  late 
summer  with  minimum  values  consistently  occurring  in  June  or  July  at 
both  Maine  sites  when  conditions  were  appropriate  for  increased 
decomposition.  Increased  direct  tidal  Influence,  and  decreased  death 
of  living  plants.  The  Increased  range  of  dead  material  present  in 

the  creekbank  stand  suggested  Increased  tidal  activity  at  this  site. 

In  few  collections  throughout  the  study  did  the  living  material  exceed 
the  dead  plant  material  in  any  of  the  stands.  The  creekbank  stand  in 
Maine  most  closely  approximated  the  Delaware  highmarsh  stand  with 
respect  to  both  living  and  dead  material  patterns. 

21.  Stem  density  data  for  Junaus  gerardii  (Figure  10)  in 
Delaware  showed  an  early  growth  initiation.  The  Maine  data  (Figure  10) 
also  displayed  a seasonal  distribution  with  rapid  early  season  growth 
in  comparison  to  other  marsh  plants  evaluated.  The  August  peak  in  the 
Maine  Junaus  gerardii  occurred  considerably  later  in  the  season  than 
the  Delaware  peak  in  May.  In  order  to  observe  a clear  growth  pattern, 
the  7 April  1975  sample  in  the  highmarsh  Maine  site  was  best  repre- 
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sented  by  the  value  at  the  lower  portion  of  the  standard  error  bar 
(Figure  10).  The  Maine  creekbank,  Juncrus  gevopdii  stand  showed  an 
earlier  peak  than  the  hlgfiinarsh  stand.  The  seasonal  pattern  in  Maine 
of  the  second  sampling  period  from  April  to  August  of  1975  indicated 
the  need  for  shorter  sampling  intervals  in  this  area  to  assess  the 
biomass  and  stem  density  changes.  The  28-day  interval  from  April  to  May 
appeared  to  be  a more  appropriate  Interval  to  detect  the  actual  pattern 
of  the  density  and  living  biomass  components. 

Phragmites  aonmunis  and  Spai’tina  ci^nosuroides 

22.  Phragmites  aonmunis  and  Spartina  aynosuroides  (Figure  11) 
had  similar  living  biomass  patterns  with  broader  seasonal  ranges  in 
Spartina  aynosuroides.  The  lower  biomass  of  Spartina  aynosuroides 
found  in  the  second  year  of  study  (13  January  1975)  was  missed  or 
nonexistent  during  the  bimonthly  harvest  in  the  first  year  of  study. 
Phragmites  aonmunis  and  Spartina  aynosuroides  living  biomass  was 
lowest  in  winter  and  highest  in  late  summer. 

23.  The  August  and  October  1973  Phragmites  aommunis  samples 
were  taken  at  a location  that  was  apparently  burned  periodically  by 
an  unknown  arsonist.  Due  to  the  threat  of  fire,  the  sampling  site 
was  relocated.  The  site  relocation  appeared  to  have  little  effect  on 
the  living  biomass  component;  however,  the  dead  component  was  signi- 
ficantly Influenced  since  the  first  site  had  no  litter  accumulation 
while  at  the  second  site  the  litter  was  several  Inches  deep.  The 
living  biomass  was  consistently  higher  than  the  dead  in  the  Spartina 
aynosuroides  plots  where  tidal  influence  was  assumed  to  be  more  active, 
Phragmites  aonmunis  had  greater  amounts  of  dead  material  (Figure  11) 
where  the  litter  accumulation  on  the  substrate  surface  was  unmistakable. 

24.  Stem  density  values  (Figure  12)  displayed  more  seasonality 
in  Phragmites  aonmunis  than  in  Spartina  aynosuroides  stand  since  at  no 
time  during  the  study  did  the  living  stem  density  values  decline  to 
zero  in  Spartina  aynosuroides.  However,  the  ranges  of  living  stem 
densities  were  quite  similar.  An  earlier  growth  period  was  evident 

in  the  Spartina  aynosuroides  stand  with  maximum  densities  in  late 
winter  or  early  spring.  Individual  living  stems  weighed  more  in 
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Phragmites  communis  - Delaware 
▲ Live  Material 
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for  Phragmites  oormmis  and  Spartina  cynosuroides . Standard  errors  are  not  shown  when 
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Figure  12.  Natural  logarithmic  plots  of  living  stem  density  for  Phragmites  aommunis  and 
Spartina  aynosuroides . Standard  errors  are  not  shown  when  smaller  than  the  size 

of  the  symbol. 
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Spartina  cynosuroides  (Appendix  C),  which  explains  the  increased  live 
biomass  observed  in  the  Spartina  aynosuroides  stand  when  stem  densities 
were  similar. 

Spartina  altemiflora 

25.  Nearly  identical  patterns  of  live  biomass  were  found  in  the 
two  Maine  sites  (Figure  13).  The  range  of  living  biomass  in  the  high- 
marsh  Spartina  altemiflora  was  one-half  that  of  the  creekbank  material 
as  found  in  several  other  studies  along  the  east  coast  (Relmold  et  al. 
1973,  Kirby  and  Gosselink  1976,  Gallagher  et  al.  In  press).  Unlike  the 
Juncue  gerardii  data  previously  presented,  the  range  of  dead  material 
(Figure  13)  in  both  stands  was  very  similar.  The  creekbank  Spartina 
altemiflora  had  more  instances  where  the  live  biomass  exceeded  the 
dead  biomass  when  compared  to  the  highmarsh  stand,  indicating  increased 
tidal  activity  removing  dead  material.  The  highmarsh  Spartina 
altemiflora  had  fewer  dead  portions  on  living  stems,  which  also 
Indicated  that  increased  tidal  activity  removed  these  dead  parts  from 
the  creekbank  stand  (Appendix  C) . 

26.  The  live  stem  density  data  (Figure  14)  resulted  in  nearly 
identical  patterns  at  both  sites,  although  the  creekbank  Spartina 
altemiflora  density  was  higher  than  the  highmarsh  stem  density. 

This  condition  was  not  indicative  of  the  Georgia  marshes  where  the 
stem  density  was  greater  in  the  highmarsh  when  compared  to  the  creek- 
bank (Gallagher  et  al.  In  press).  Both  maximum  values  were  greater 
than  comparative  systems  in  Georgia.  It  was  evident  that  the  high- 
marsh plants  had  a slightly  higher  Individual  stem  weight,  also  unlike 
that  of  the  southeastern  coastal  systems  (Appendix  C) . It  must  be 
noted  that,  based  on  tidal  elevation  data,  the  highmarsh  stand  was  not 
one  tfiat  was  significantly  higher  in  elevation  (Part  III).  The  in- 
creased dead  removal  potential  resulted  from  the  steep  slope  where 
the  creekbank  plants  were  found  as  opposed  to  a relatively  flat  area 
that  was  designated  as  highmarsh. 
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Spartina  alternifloro  ICreekbank)  - Maine 
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gure  13.  Natural  logarithiaic  plots  of  living  and  dead  aerial  dry  weight  biomass  (mean  + S.E.) 
r Spartina  aitevniflava.  Standard  errors  are  not  shown  when  smaller  than  the  size  of  the  sjTnbol 
Dashed  lines  represent  projected  values  based  on  qualitative  observatlonsT 
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based  on  qualitative  observations. 
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Sporting  patens 

27.  Living  Spartina  patens  In  the  Delaware  and  Maine  stands 
had  a clearer  pattern  than  that  In  the  Georgia  stand  (Figure  15). 
However,  the  maximum  standing  crop  of  living  biomass  was  nearly 
Identical  at  all  three  locations.  High  living  biomass  of  Spartina 
patens  in  Georgia  was  found  in  early  spring  of  the  first  year  and 

in  summer  of  the  second  year.  The  dry  weight  of  dead  material  (Figure 

15)  showed  no  evident  seasonality  but  an  extensive  amplitude  in  the 

Georgia  stand  (Figure  15).  The  Maine  and  Delaware  living  Spartina 

patens  was  high  in  summer  and  low  in  winter.  The  Delaware  Spartina 

patens  dead  biomass  range  was  nearly  one-half  that  of  Georgia  and 

more  than  one-third  that  of  the  Maine  stand.  The  dead  biomass  in 

Maine  was  consistently  lower  during  the  second  year  of  study.  The 

increase  in  dead  Spartina  patens  during  the  winter  months  in  Maine 
2 

was  487  g/m  . This  condition  can  be  explained  by  the  September  sample 

assuming  no  disappearance  of  dead  material  during  death  of  the  700.0  + 

2 

99.87  g/m  of  live  material  present  at  that  time.  This  could  have 

2 

contributed  another  700  g/m  to  the  dead  component  during  the  winter. 

Consequently , the  decrease  in  dead  material  over  the  winter  was  esti- 
2 

mated  to  be  213  g/m  . An  excessive  litter  mat  was  present  in  the  Maine 
stand  that  Introduced  variability  into  the  dead  samples.  The  Delaware 
and  Maine  sites  both  showed  a nearly  constant  excess  of  dead  material 
when  compared  to  the  Spartina  patens  live  biomass.  These  trends 
fluctuated  frequently  in  the  Georgia  stand. 

28.  Live  stem  density  values  (Figure  16)  showed  a near  constant 

amount  of  stems  present  in  Georgia  in  comparison  with  the  seasonal  flux 

of  values  in  the  Maine  and  Delaware  sites.  The  tufted  growth  form  of 

Spartina  patens  was  not  visually  obvious;  however,  this  type  of  growth 

created  variability  in  the  Maine  stem  density  data  that  ranged  from 

a winter  and  early  spring  low  of  zero,  to  a variable  maximum  of 

2 

12880.0  + 2438.3  stems/m  in  August  1975.  There  was  no  statistical 

difference  between  this  density  and  the  previous  30  June  1975  sample 

2 

where  a stem  density  of  9520.0  + 1430.5  stems/m  was  recorded.  The 
living  stems  of  Spartina  patens  in  Georgia  were  heavier  than  those  of 
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Figure  15.  Natural  logarithnic  plots  of  living  and  dead  aerial  dry  weight  biomass 
(mean  + S.E.)  for  Spartina  patens.  Standard  errors  are  not  shown  when  smaller 
than  the  size  of  the  symbol.  Dashed  lines  represent  projected  values 
based  on  qualitative  observations 


the  other  sites,  but  the  maximum  density  occurred  in  Maine  (i^pendix  C) . 
Therefore,  It  is  difficult  to  assess  which  stand  was  Influenced  by 
better  environmental  conditions.  Qualitative  assessments  of  the  sites 
would  suggest  that  the  Maine  site  had  far  better  growing  conditions. 

Sporobolus  virginicus 

29.  Biomass  of  living  Sporobolus  virginicus  was  at  a maximum 

2 

of  262.0  + 45.9  g/m  on  24  September  1974,  a value  considerably  lower 
than  that  of  the  other  angiosperms  evaluated  (Figure  17).  There  was 
minor  evidence  of  grazing  by  ungulates  on  Sporobolus  virginicus  so 
fences  were  constructed  around  the  plots  to  act  as  exclosures. 
Sporobolus  virginicus  dead  material  decreased  after  the  exclosures 
were  constructed,  but  this  decline  was  not  directly  attributed  to 
the  construction  (Figure  17).  The  area  was  a transition  zone  between 
the  forested  highland  and  the  regularly  flooded  marsh.  Because  of 
the  transitional  structure  of  this  system,  it  may  not  be  stable.  Live 
stem  densities  exhibited  a similar  pattern  to  that  in  the  Georgia 
Distichlis  spicata,  although  density  values  were  considerably  higher 
than  those  of  the  Distichlis  spicata  plots  (Figure  17) . Variability 
was  high  in  Sporobolus  virginicus,  which  was  attributed  to  its  uneven 
distribution. 

Living  biomass 

30.  Latitudinal  effects  between  similar  and/or  Identical  plant 
species  are  apparent  in  the  living  biomass  minimum  values  summarized 
in  Table  2.  The  Delaware  and  Maine  angiosperms  responded  to  the 
coldest  winter  temperature  by  producing  no  plants  which  grew  or 
overwintered  in  a living  state  except  for  the  woody  Iva  frutescens 
(Appendix  A).  The  more  distinct  seasonal  patterns  of  living  biomass 
in  Maine  and  Delaware  appeared  to  be  influenced  by  the  number  of  days 
below  0®  C (Appendix  A).  Maine  had  142  days  below  freezing  (October 
to  April),  while  Georgia  had  only  3 days  below  freezing  (December  to 
March),  on  the  average. 

31.  There  was  no  evidence  suggesting  that  difference  in  the 
length  of  the  growing  season  had  a pronounced  effect  on  the  maximum 


o 

o 


o 

u 


T3 

c 


bJ 

CO 

+ i 
c 

£ 


CO 

CO 

CO 

£ 

o 


j: 

oo 

•H 

0) 

5 

U 

•O 

■3 

CO 

<U 

T3 

'U 

C 

CO 

OC 

c 


c 

w 

4J 

o 

rH 

a 

•H 


u 

CO 

&0 

o 


c 

0) 

jr 

3 


o 

£ 

CO 


o 

c 

0) 

CO 

CO 

u 

o 

u 

Ci) 

^3 

b 

CO 

TJ 

c 

CO 


CO 

•ri 

S’ 

•r^ 

s 

o 

rCl 

s 

o 

>-l 

o 


(0 

c 

"O 

§ 

4-» 

CO 

oo 

c 


0) 

u 

a 

to 


Xjq 


OuiAi*! 


41 


than  the  size  of  the  symbol 


Minimuia  and  Maxlmma  Values  for  Living  Biomass,  Dead  Biomass 
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values.  One  might  assume  that  the  substrate  properties  alone  could  be 
the  dominating  factor  in  regulating  the  maximum  live  biomass.  The 
optimum  growth  habitat  is  not  known  for  many  of  these  minor  marsh  plants, 
which  also  makes  latitudinal  comparisons  Inconclusive, 

Dead  biomass 

32.  Dead  biomass  maximum  and  minimum  values  summarized  in  Table 
2 reflect  the  influence  of  the  tides  and  the  rate  of  decomposition. 

The  most  variation  between  maximum  and  minimum  dead  biomass  was  found 
in  the  Maine  stands.  These  plants  were  all  found  to  be  growing  below 
mean  high  water  (mhw) , indicating  a more  frequent  tidal  flushing 
(Part  III).  The  Delaware  and  Georgia  sites  had  similar  percent  varia- 
tion between  maximum  and  minimum  dead  biomass.  Based  on  mhw  data 
(Part  III),  the  variation  of  dead  material  should  be  similar  in 
Delaware  and  Georgia  as  Indicated  by  the  results.  Due  to  the  extreme 
difference  in  climate,  decomposition  should  be  greater  in  Georgia. 

Spartina  patens  data  support  this  conclusion,  although  the  variability 
of  the  tides  is  enough  to  suggest  that  it  is  a predominating  influence 
in  determining  the  amount  of  dead  material  that  remains  in  any  single 
stand , 

33.  The  amount  of  dead  material  present  may  be  extremely 
Important  as  a nutrient  source  for  continued  production  (Maye  1972). 

In  addition,  the  living  contribution  is  the  material  that  dies  and 
can  greatly  vary  between  sites.  Therefore,  quantification  of  mortality 
is  important  in  determining  an  accurate  assessment  of  the  system. 

Tidal  influence 

34.  The  tidal  influence  is  an  important  entity  that  strongly 
Influences  the  growth  of  the  plants  and  has  been  called  "tidal  subsidy" 
by  Odum  (1961)  and  Odum  and  Riedeburg  (1976).  They  suggested  that  those 
plants  influenced  regularly  by  the  tides,  particularly  the  tall  height 
form  of  Spartina  altemi flora,  have  a greater  growth  potential  based 

on  Increased  nutrient  loads,  aeration,  and  a number  of  other  environ- 
mental factors  regulated  by  tidal  activity.  The  increased  stem 
densities  of  the  Maine  plants  compared  with  the  Delaware  and  Georgia 
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plants  (Table  2)  support  this  theory.  When  comparing  the  creekbank 
and  hlghmarsh  stands  in  Maine,  the  maximum  living  biomass  also  supports 
this  hypothesis,  although  the  creekbank  Spartina  altemiftora  values 
might  vary  according  to  where  the  highest  percentage  of  samples  were 
taken  (i.e.,  above  or  below  mhw) . In  comparing  maximum  living  biomass 
between  states,  there  is  no  evidence  to  support  the  tidal  subsidy 
theory,  and  the  site  differences,  excluding  tidal  Influence,  may  have 
been  great  enough  to  dictate  the  results  obtained.  Hubbard  (1969) 
suggested  that  the  length  of  inundation  alone  can  influence  plant 
response. 

35.  Because  the  climatic  differences,  soil  properties,  tidal 
activity,  and  other  biotic  and  abiotic  factors  are  acting  on  any 
single  site,  the  collective  action  might  be  termed  environmental 
metabolism.  This  collective  term  would  then  indicate  not  simply  the 
entitles  which  together  form  the  environment,  but  the  activity  and 
Interaction  of  these  entities.  The  components  which  quantify  environ- 
mental metabolism  must  be  examined  for  each  site  to  draw  conclusions 
related  to  growth  response. 

Seasonal  patterns 

36.  The  resulting  seasonal  patterns  obtained  in  this  study  were 
similar  to  those  obtained  by  Wiegert  and  McGinnis  (1975)  in  three 
South  Carolina  old  fields.  Live  biomass  of  several  angiosperms  (e.g., 
the  Georgia  S.  patens,  D.  apiaata,  and  S.  virginiavts ) _ did  not  demon- 
strate clear  seasonality  of  all  components  studied  because  of  the 
longer  growth  period.  The  raw  data  do,  however,  suggest  seasonality 
in  most  components  (Appendix  C).  A cyclic  seasonal  pattern  of  the 
nature  obtained  indicates  the  stability  of  the  stand  (Wiegert  and 
McGinnis  1975). 

Sampling  problems 

37.  In  sampling  the  angiosperms,  numerous  difficulties  arose 
that  should  be  noted.  On  17  December  1973,  the  living  Diatichlie 
epicata  in  Delaware  was  zero;  however,  the  live  stem  density  for  the 
same  month  was  700.0  + 94.9  stems/m^.  It  should  be  noted  that  a 
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majority  of  the  living  steins  harvested  consisted  mainly  of  dead  por- 
tions (99.0  percent).  The  stripping  of  the  dead  material  from  the 
living  tissue  resulted  in  sample  biomass  too  small  for  accurate 
welglilng.  Therefore,  the  expansion  of  the  data  to  a square  metre 
basis  increased  the  mean  number  of  stems  by  100  without  an  increase 
in  the  live  biomass  that  could  not  be  determined. 

38.  Juncua  gerardii  in  Delaware  presented  similar  errors. 
Although  inadequate  amounts  from  biomass  determination  were  found, 
the  living  shoots  of  Juncus  gerardii  had  a high  density  in  early 
spring.  The  response  of  Juncus  gerardii  was  such  that  it  is  a cool 
season  plant,  with  early  shoot  growth  during  a period  when  air 
temperatures  were  still  periodically  below  freezing.  An  increase  in 
dead  biomass  early  in  the  season  in  this  species  was  possibly  due  to 
high  mortality  of  the  young  shoots  during  freezes.  For  whatever 
reason(s),  densities  of  small  young  shoots  were  extremely  high,  but 
living  biomass  Increases  could  not  be  detected. 

39.  Both  the  Distiahlis  spicata  and  Juncue  gerardii  discrep- 
ancies were  a direct  result  of  inadequate  sample  size.  Minimum  sample 
sizes  determined  in  August  were  inadequate  when  utilized  during  the 
winter  months. 

Research  needs 

40.  Although  this  study  might  provide  additional  data  for  those 
working  in  marsh  systems,  additional  information  on  the  physiological 
tolerances  and  the  importance  of  these  plants  to  the  total  system  is 
still  needed.  Because  of  the  limited  areal  extent  of  these  plants, 
they  have  been  neglected  in  marsh  ecosystem  studies.  If  it  is  the 
purpose  of  the  marsh  ecologist  to  describe,  quantify,  and  model  these 
systems,  the  minor  marsh  plants  must  be  examined  more  fully.  The 
productivity  of  these  plants  must  also  be  examined  in  more  detail. 

41.  The  baseline  Information  provided  in  this  portion  of  the 
study  Indicates  that  production  cannot  be  determined  solely  by  biomass 
information.  However,  tidal  activity,  decomposition  rates,  and  mortal- 
ity, essential  components  of  the  salt  marsh-estuarine  system,  must  be 
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quantified  and  assessed  with  respect  to  biomass  data.  This  consideration 
is  examined  in  Part  III. 


46 


LITERATUHE  CITED  IN  PART  II 


Cooper,  A.  W.  1969.  Salt  marshes,  In  Odum,  H,  T. , B.  J.  Copeland,  and 
E.  A.  McMahan,  ed.  Coastal  Ecological  Systems  of  the  U.  S. 

Vol.  I.  Report  to  the  Water  Pollution  Control  Administration, 

The  Conservation  Foundation.  Washington,  D.  C, 

Day,  J.  W. , W.  G.  Smith,  P.  R.  Wanger,  and  W.  G.  Stowe.  1973. 

Community  structure  and  carbon  budget  of  a salt  marsh  and 
shallow  bay  estuarine  system  in  Louisiana.  Louisiana  State 
University,  Publication  No.  LSU-SG-72-04 , Baton  Rouge.  79  p. 

de  la  Cruz,  A.  A.  1973.  The  role  of  tidal  marshes  in  the  productivity 
of  coastal  waters.  ASB  Bull.  29(4):  147-156. 

Durand,  J.  B.  and  R.  J.  Nadeau.  1972.  Water  resources  in  the  Mullica 
River  Basin.  Part  I.  Biological  evaluation  of  Mullica  River. 
Great  Bay  Estuary.  New  Jersey  Water  Resources  Research  Institute, 
Rutgers  Univ. , New  Brunswick.  138  p. 

Gallagher,  J.  L. , R.  J.  Relmold,  R.  A.  Linthurst,  and  W.  J.  Pfeiffer. 

In  press.  Aerial  production,  mortality,  and  mineral  accumulation 
dynamics  in  Spartina  altemi flora  and  Jimcus  roemerianus  in  a 
Georgia  salt  marsh.  (Ecology). 

Good,  R.  E.  1965.  Salt  marsh  vegetation.  Cape  May,  New  Jersey.  Bull. 
New  Jersey  Acad.  Sci.  10:  1-11. 

Gosselink,  J.  G. , E.  P.  Odum,  and  R.  M.  Pope.  1974.  The  value  of  the 

tidal  marsh.  LSU-SG-74-03.  Center  for  Wetland  Resources,  Louisi- 
ana State  University.,  Baton  Rouge,  La.,  39  p. 

Hatcher,  B.  G.  and  K.  H.  Mann.  1975.  Aboveground  production  of  marsh 
cordgrass  (Spartina  altemiflora)  near  the  northern  end  of  its 
range.  J.  Fish.  Res.  Bd.  Can.  32:  83-87. 

Hubbard,  J.  C.  E.  1969.  Light  in  relation  to  tidal  immersion  and  the 
growth  of  Spartina  tounaendii  (s.l.).  J.  Ecol.  57:  795-804. 

Johnson,  M.  1970.  Preliminary  report  on  species  composition,  chemical 
composition,  biomass,  and  production  of  marsh  vegetation  in  the 
upper  Patuxent  Estuary,  Maryland,  Chesapeake  Biol.  Lab.  Ref.  No. 
70-130;  165-178. 

47 


r 


> 


Keefe,  C.W.  and  W.  R.  Boynton.  1973.  Standing  crop  of  salt  marshes 
surrounding  Chlncoteague  Bay,  Maryland  - Virginia.  Chesapeake 
Sci.  14:  117-123. 

Kirby,  C.  J. , Jr,  1971.  The  annual  net  primary  production  and  decom- 
position of  salt  marsh  grass  Spartina  attemiflora  Loisel.  in  the 
Baratarla  Bay  estuary  of  Louisiana.  Ph.D.  Thesis,  Louisiana 
State  University,  Baton  Rouge.  74  p. 

Kirby  C.  J.  and  J.  G.  Gosselink.  1976.  Primary  production  in  a 

Louisiana  gulf  coast  Spartina  attemiflora  marsh.  Ecology  57: 
1052-1059. 

Maye,  P.  R. , III.  1972.  Some  important  inorganic  nitrogen  and  phos- 
phorus species  in  Georgia  salt  marsh.  Environmental  Resources 
Center,  Georgia  Inst,  of  Tech.  Rept.  0272,  60  p. 

Mendelssohn,  1.  A.  and  K.  L.  Marcellus.  1976.  Anglosperm  production 
of  three  Virginia  marshes  in  various  salinity  and  soil  nutrient 
regimes.  Chesapeake  Sci.  17:15-23. 

Morgan,  M.  H.  1961.  Aiigiosperm  production  on  a salt  marsh.  M.  S. 
thesis.  University  of  Delaware,  Newark.  34  p, 

Odum,  E.  P.  1961.  The  role  of  tidal  marshes  in  estuarine  production. 

The  N.  Y.  State  Conserv.  15:12-15. 

Odum,  E.  P.  and  A.  A.  de  la  Cruz.  1967.  Particulate  organic  detritus 
in  a Georgia  salt  marsh  estuarine  ecosystem,  pp.  383-388.  In 
Estuaries,  G.  H.  Lauff  (ed.).  Publ.  AAAS  No.  83,  Washington,  D.C. 

Odum,  E.  P.  and  C.  H.  Riedeburg.  1976.  A dye  study  of  interstitial 
water  flow  in  tidal  marsh  sediments.  In:  Abstracts  of  papers 
submitted  for  the  39th  Annual  Meeting  ASLO,  Skidaway  Institute 
of  Oceanography,  Savannah,  Ga. 

Pomeroy,  L.  R. , L.  R.  Shenton,  R.  D.  H.  Jones,  and  R.  J.  Reimold.  1972. 
Nutrient  flux  in  estuaries,  pp.  275-293.  In:  G.  E.  Likens  (ed.). 
Nutrients  and  Eutrophication.  Vol.  I.,  Am.  Soc.  Limnol.  Oceanogr. 

Reimold,  R.  J.  1974.  Mathematical  modeling  - Spartina,  pp.  393-406. 

In:  R.  J.  Reimold  and  W.  H.  Queen  (eds.).  Ecology  of  Halophytes. 
Academic  Press,  Inc.,  N.  Y. 


48 


H 


Reimold,  R.  J.  1976.  Mangals  and  salt  marshes  of  eastern  United 
States,  pp,  157-16A.  In:  V.  J.  Chapman  (ed.)  Wet  Coastal 
Ecosystems.  Elslver  Scientific  Publ.  Co. , Amsterdam. 

Reimold,  R.  J. , J.  L.  Gallagher,  and  D.  E.  Thompson.  1973.  Remote 
sensing  of  tidal  marsh.  Photogram.  Eng.  Vol.  39(51:477-488. 

Reimold,  R.  J. , J.  L.  Gallagher,  R.  A.  Linthurst,  and  W.  J.  Pfeiffer. 
1975.  Detritus  production  in  coastal  Georgia  salt  marshes, 
pp.  217-228.  In:  E.  Gronin  (ed.).  Estuarine  Research.  Vol  II. 
Academic  Press,  Inc.,  New  York. 

Smalley,  A.  E.  1958.  The  role  of  two  invertebrate  populations, 

Littorina  ivrovata  and  Orahelimum  fidiainum  in  the  energy  flow 
of  a salt  marsh  ecosystem.  Ph.D.  thesis.  University  of  Georgia, 
Athens.  126  p. 

Snedecor,  G.  W.  and  W.  G.  Cochran.  1967.  Statistical  Methods.  The 
Iowa  State  University  Press,  Ames,  Iowa.  593  p. 

Stroud,  L.  M.  and  A.  W.  Cooper.  1968.  Color-infrared  aerial  photo- 
graphic interpretation  and  net  primary  productivity  of  a regularly 
flooded  North  Carolina  salt  marsh.  Water  Resources  Research  Inst. 
Report  No.  14,  North  Carolina  State  University  at  Raleigh.  86  p. 

Sweet,  D.  C.  1971.  The  economic  and  social  importance  of  estuaries. 
Environ.  Prot.  Agency.  Water  Quality  Office.  Washington,  D.  C. 
pp  33-49. 

Teal,  J.  M.  1962.  Energy  flow  in  the  salt  marsh  ecosystem  of  Georgia. 
Ecology  43:  614-624. 

Wiegert,  R.  G.  1962.  The  selection  of  an  optimum  quadrat  size  for 
sampling  the  standing  crop  of  grasses  and  forbs.  Ecology 
43:  125-129. 

Wiegert,  R.  G.  and  F.  C.  Evans.  1964.  Primary  production  and  the 
disappearance  of  dead  vegetation  in  an  old  field.  Ecology 
45:  49-63. 

Wiegert,  R.  G,  and  J.  T.  McGinnis.  1975.  Annual  production  and 

disappearance  of  detritus  on  three  South  Garolina  old  fields. 
Ecology  56:  129-140. 


49 


Wlegert,  R.  G. , R.  R.  Christian,  J.  L.  Gallagher,  J.  R.  Hall,  R.  D.  H. 
Jones,  and  R.  L.  Wetzel.  1975.  A preliminary  ecosystem  model 
of  coastal  Georgia  Spartina  marsh,  pp.  583-601.  In:  L.  E. 
Cronin  (ed.).  Estuarine  Research.  Academic  Press,  Inc.,  New 
York. 


50 


PART  III:  AN  EVALUATION  OF  DETRITUS  FLUX,  ESTIMATED  NET 
AERIAL  PRIMARY  PRODUCTIVITY,  AND  MORTALITY  OF 
SELECTED  ESTUARINE  ANGIOSPERMS  IN 
MAINE,  DELAWARE,  AND  GEORGIA 

Introduction 

42.  Ecological  studies  of  salt  marsh  systems  along  the  east 
coast  of  the  United  States  are  prominent  in  the  literature  (Wentz 
et  al.  1974).  Common  to  even  the  earliest  studies  of  salt  marsh 
vegetation  and  distribution  is  the  discussion  related  to  the  im- 
portance of  the  tides  (Ganong  1903,  Harshberger  1911,  Johnson  and 
York  1915,  Conrad  1935,  Penfound  and  Hathaway  1938,  Taylor  1938, 

Chapman  1940,  Miller  and  Egler  1950,  Jackson  1952,  Kurz  and  Wagner 

1957,  Chapman  1974,  Adams  1963,  Blum  1968).  The  role  of  these 

j tidally  influenced  wetlands  is  documented  (Davis  1910,  Daigh  et  al. 

1938,  Odum  1961,  de  la  Cruz  1965,  Redfleld  1965,  Waits  1967,  Udell 
et  al.  1969,  Redfield  1972,  de  la  Cruz  1973),  and  the  various  pro- 
cesses that  contribute  to  the  biological  productivity  are  used  to 
estimate  the  metabolic  activity  of  the  salt  marsh  plant  species 
because  of  their  importance  in  system  energetics  studies  (Smalley 

1958,  Odum  1961,  Schelske  and  Odum  1961,  Morgan  1961,  Teal  1962, 

Good  1965,  Stroud  and  Cooper  1968,  Johnson  1970,  Kirby  1971).  A 
variety  of  methods  have  been  employed  to  make  such  an  estimate  of 
productivity  (Kirby  1971,  Singh  et  al.  1975);  however,  most  studies 
are  limited  to  tie  primary  plants  whose  areal  extent  dominates  the 
southeastern  coastal  marshes  (l.e,,  Spartina  attemiflova  and 
Juncua  roemerianus) . Works  by  Keefe  (1972),  de  la  Cruz  (1973),  and 

I 

Hatcher  and  Mann  (1975)  summarized  these  estimates. 

, 43.  In  an  attempt  to  assess  production  of  salt  marsh  plants, 

studies  related  to  the  Importance  of  tidal  activity  have  been  Ini- 

' tlated  to  acquire  more  accurate  estimates  of  net  primary  production 

and  detritus  flux  (Smalley  1958,  Kirby  1971,  Gallagher  and  Reimold 
1973,  and  Reimold  et  al.  1975).  The  importance  of  detritus  in  the 
coastal  waters  is  well  documented  (Clark  1946,  Jannasch  and  Jones  1959, 
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Riley  1963,  Odum  ana  de  la  Cruz  1963,  1967,  Darnell  1967,  Heald 
1969).  One  method  of  estimated  net  aerial  primary  production  was 
developed  for  grassland  systems  (Wlegert  1962,  Wlegert  and  Evans  1964) 
which  tended  to  Increase  earlier  estimates  because  it  considered  dis- 
appearance of  dead  material  between  harvest  intervals  (Wlegert  et  al. 
1975,  Reimold  et  al,  1975,  Bradbury  and  Hofstra  1976,  Gallagher  et  al. 
In  press). 

44.  The  purpose  of  this  study  was  to  utilize  and  evaluate  this 
method  in  the  salt  marsh  in  relation  to  those  plant  species  considered 
as  minor,  based  on  areal  extent,  as  did  Reimold  et  al,  (1975)  and 
Gallagher  et  al.  (In  press)  on  major  salt  marsh  plants.  Ttie  study 
was  designed  to  contribute  additional  Information  on  estuarine  tidal 
subsidy  related  to  net  primary  production  of  minor  marsh  plants.  The 
results  will  be  useful  in  studies  of  energetics  and  photosynthetic 
response  of  the  selected  minor  marsh  plant  species  over  a broad 
latitudinal  range.  Detritus  flux,  net  aerial  primary  productivity, 
and  mortality  of  living  plants  are  also  evaluated.  These  results 
provide  a means  of  value  comparison  of  several  ecological  attitudes 

of  the  plants  studied  and  should  be  used  for  management  decisions 
regarding  dredged  material  disposal. 

Methods 

Site  selection 

45.  Saline  marsh  sites  in  Maine,  Delaware,  and  Georgia  were 
selected  for  study  (Figures  1-3).  Selection  criteria  included  a 
broad  latitudinal  range  (31°19'  to  44°34*),  logistically  feasible 
access  within  the  time  allowed  for  collection  and  preparation  of 
samples  (1  week),  and  laboratory  facilities  which  could  be  utilized 
for  immediate  preparation  of  the  samples.  Marshes  were  selected 
which  had  similar  vegetative  diversity  with  monospecific  stands  of 
the  plant  species  to  be  evaluated.  Subjectively  chosen  sites  were 
preferred  in  order  to  limit  the  effect  of  varying  environmental  con- 
ditions. 
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Quadrat  size 

46.  Optltnum  quadrat  size  used  for  sampling  aerial  plant 
material  was  determined  in  August  1973  according  to  the  method  of 
Wlegert  (1962),  The  plant  species  chosen  for  investigation,  the 
states  where  they  were  sampled,  and  the  quadrat  sizes  used  are  shown 
in  Table  3. 

Plant  species 

47.  Juncus  gerardii  stands  in  Maine  were  referred  to  as  creek- 
bank  where  the  plants  were  growing  on  a steep  slope  above  the  Spartina 
aZtemiflora  and  as  highmarsh  where  the  plants  were  growing  on  a 
relatively  flat  site  landward  on  the  creekbank  plants.  Similar 
differentiation  was  employed  in  the  Spartina  attemiftora  stands. 

The  Juncus  gerardii  stands  in  Maine  were  mixed  with  another  rush 
nearly  identical  in  growth  form,  Juncus  batticus.  Because  of  the 
periodic  absence  of  fruiting  or  flowering  structures  necessary  for 
separating  the  two  during  sampling,  this  stand  was  treated  as  a 
monospecific  stand  of  Juncus  gerardii. 

48.  A majority  of  the  plant  species  sampled  had  a limited 
range  of  growth  and  were  therefore  unavailable  for  sampling  in  all 
states.  Phragmites  cormunis  and  Spartina  cynosuroides  had  a broader 
latitudinal  growth  range  than  sampled;  however,  they  were  not  found 
in  an  area  where  sampling  could  be  done  based  on  the  criteria  dis- 
cussed earlier.  Finally,  Spartina  altemiflora  was  found  in  all 
locations  but  sampled  only  in  Maine.  Production  estimates  for 
Spartina  altemiflora  in  the  southeastern  and  middle  Atlantic 
coastal  regions  were  already  well  documented  in  the  literature  (de  la 
Cruz  1973,  Hatcher  and  Mann  1975,  Mendelssohn  and  Marcellus  1976, 
Reimold  et  al.  1975,  and  Gallagher  et  al.  In  press).  Therefore, 

this  anglosperm  was  investigated  only  in  Maine  where  literature  values 
were  unavailable. 

Harvest  methods 

49.  Contiguous  paired  plots  as  described  by  Wlegert  and  Evans 
(1964)  were  employed  for  the  collection  of  the  aerial  plant  material 
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Table  3 


Anglosperms  Evaluated.  Their  Geographic  Location 
and  Sample  Quadrat  Size  for 
Collection  Sites  Evaluated 


Anglosperms 

0 

Location 

Quadra^  size 
m 

Distichlia  spioata 

D 

G 

0.01 

Junaus  gerardii^ 

M 

0.01 

Junaua  gerardii^ 

M D 

0.01 

Phragmitea  oormrunia 

D 

0.50 

Spartina  altemi floret 

M 

0.10 

Spartina  altexmiflora^ 

M 

0.10 

Spartina  cynoauroidea 

G 

0.50 

Spartina  patena 

M D 

G 

0.01 

Sporobolua  virginiaua 

G 

0.01 

^ « Maine;  D » Delaware;  G = Georgia 
^Creekbank. 

Q 

Hlghmarsh. 
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and  litter.  Stainless  steel  hand  pruner^  or  dissecting  scissors  were 

utilized  for  harvesting.  Dissecting  scissors  were  used  on  all  plots 
2 

of  0. 1 m or  smaller  to  increase  the  accuracy  of  the  harvest  by  poten- 
tially decreasing  experimental  error  in  these  small  quadrats. 

50.  Five  samples  were  taken  simultaneously  within  each  stand, 
at  all  locations,  and  at  56-day  intervals  from  the  Initiation  of  the 
study  on  27  August  1973  through  its  termination  on  25  August  1975  in 
Delaware  and  Georgia.  SpoPobolus  virginicus  sampling  was  initiated 
in  February  1975  in  Georgia.  Maine  sampling  was  not  initiated  until 
3 June  1974  and  continued  until  the  termination  of  sampling  at  the 
other  locations.  However,  because  of  the  severity  of  the  winter  and 
the  impossibility  of  accurate  sampling  during  months  when  the  Maine 
site  was  covered  with  ice  and  snow,  sampling  in  Maine  was  restricted  to 
late  spring,  summer,  and  early  fall.  In  addition,  one  28-day  sampling 
interval  was  necessary  to  approximate  initiation  time  of  spring  plant 
growth  in  Maine. 

51.  Plant  material  harvested  in  the  field  was  separated  into 
live  and  dead  components  and  placed  in  polyethylene  bags  of  sizes 
ranging  from  0.9  t to  208.0  t dependent  upon  the  aunount  of  material 
present.  Evidence  of  green  material  on  the  stem  dictated  the  selection 
of  living  plants,  and  material  with  an  absence  of  green  coloration  was 
assessed  to  be  dead.  The  samples  were  returned  to  the  preparation 
laboratory  at  the  respective  sites  immediately  following  the  field 
sampling.  Here  they  were  weighed  using  a Model  2197  Ohaus  5-kg 
balance  with  a sensitivity  of  + 0.5  g to  determine  fresh  weight  values 
to  the  nearest  1.0  g.  Dead  portions  of  the  living  plants  were  stripped 
off  and  weighed  separately.  The  necessity  of  subsampling  to  evaluate 
dry  weights  was  determined  based  upon  the  amount  of  material  which 
would  adequately  fill  a 0.9-t  jar.  Semples  harvested  in  Delaware  and 
Maine  were  packaged  and  transported  by  air  to  Georgia  where  they  were 
placed  in  jars  and  dried  in  a mechanically  convected  forced  draft  oven 
at  100*  C to  a constant  weight.  All  samples  ware  removed  from  the 
oven  %/hen  dry  and  weighed  on  a Mettler  Model  Pll,  11-kg-capacity 
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balance  with  a sensitivity  of  + 0.05  g.  Subsample  data  were  expanded 
to  Include  the  complete  harvest  fresh  weights,  and  subsequently  all 
data  were  expanded  to  a square  metre  basis. 

Instantaneous  detritus  flux  rates 

52.  Instantaneous  detritus  flux  rates  were  calculated  from 
paired  plots  (Wiegert  and  Evans  196A,  Reimold  et  al.  1975,  Gallagher 
et  al.  In  press)  using  Equation  1: 

In  (w  /w  ) 

(1) 

‘^l"*^0 

where:  r^  = detritus  flux,  g/g/day 

Wq  = dry  weight  of  dead  material  at  time  t^,  days 

Wj^  = dry  weight  of  dead  material  at  time  t^^,  days 

53.  Equation  1 is  based  on  the  assumptions  that  the  biomass 

of  the  two  paired  quadrats  was  identical  and  that  the  rate  of  detritus 
flux  of  the  two  quadrats  was  equal.  The  addition  of  a tidal  parameter, 
not  found  in  ^n  old  field,  caused  a rejection  of  a third  assumption 
made  by  Wiegert  and  Evans  (1964)  (i.e.,  no  additional  material  could  be 
added  to  the  dead  material  of  the  second  quadrat  during  the  harvest 
interval).  This  new  environmental  parameter,  experienced  by  Reimold 
et  al.  (1975)  and  Gallagher  et  al.  (In  press),  but  not  by  Wiegert  and 

Evans  (1964),  permitted  both  addition  of  material  to  the  second  quadrat 

"dead  plots"  as  well  as  total  removal  of  dead  material  from  the  plot, 
thus  the  term  "detritus  flux,"  as  opposed  to  Wiegert  and  Evans'  (1964) 
"disappearance  of  dead  material." 

54.  In  order  for  Equation  1 to  work  efficiently,  it  was  neces- 

2 

sary  for  w^  and  w^  to  be  nonzero  values.  Therefore,  the  value  of  1 g/m 
was  added  to  all  dead  component  biomass  values.  This  procedure  allowed 
computation  of  rates  where  w^^  was  zero  (representing  100  percent  dis- 
appearance) as  well  as  where  w^  was  zero  (indicating  a contribution  to 
the  plot).  Rates  were  computed  based  on  five  observations  for  each 
Interval  in  each  monospecific  plant  stand.  All  statistical  computations 
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were  conducted  according  to  the  method  outlined  by  Snedecor  and  Cochran 
(1967)  and  were  based  on  dry  weight  biomass  information. 

Detritus  flux 

55.  The  resultant  values  were  utilized  to  compute  detritus  flux 
per  Interval  (X^)  using  Equation  2: 

Xi  = [(ai  + ai_i)/2]  riti  (2) 

2 

where:  a^  = standing  crop  of  dead  material,  g/m 

a = standing  crop  of  dead  material  at  the  second  harvest, 

/ 2 
g/m 

r^  = instantaneous  rate  of  detritus  flux  during  the  interval 
t^  = time  interval,  days 

Annual  detritus  production  was  computed  by  summing  monthly  values  and 
adjusting  to  obtain  a yearly  estimate. 

Primary  production  and  mortality 

56.  Estimated  net  aerial  primary  production  and  mortality  were 
computed  according  to  the  procedures  outlined  by  Wiegert  and  Evans 
(1964)  and  Gallagher  et  al.  (In  press).  Mortality  was  computed  as  the 
change  in  dead  biomass  (Aa)  plus  the  amount  of  material  that  disap- 
peared during  the  harvest  period.  Net  aerial  primary  production  was 

then  calculated  as  the  change  in  living  biomass  (Ab)  during  the  harvest 
interval  plus  the  concomitant  mortality  value.  In  addition,  it  had  been 
suggested  by  Wiegert  and  McGinnis  (1975)  and  Gallagher  et  al.  (In  press) 
that  the  instantaneous  detritus  flux  rates  be  averaged  for  the  study 
period  and  utilized  for  computations  of  net  aerial  primary  production. 
Both  methods  were  utilized  and  are  discussed  later. 

57.  The  difficulty  encountered  in  Maine  relative  to  sampling 
consistently  at  56-day  intervals  resulted  in  utilizing  only  the 
average  of  the  detritus  flux  rates  except  during  those  periods  when 
the  rates  were  significantly  different.  The  data  were  integrated 
for  the  2-yr  period  to  express  changes  at  monthly  intervals.  The 
196-day  interval  from  24  September  1974  to  7 April  1975  was  carefully 
evaluated  and  adjusted  to  values  of  zero  or  near  zero  for  this  period 
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when  no  living  material  was  apparent. 

58.  As  a third  means  of  estimating  production  via  this  method, 
Delaware  and  Georgia  values  were  also  adjusted  when  negative  values 
of  mortality  or  production  were  obtained.  The  procedure  was  based 

on  the  following  criteria  applicable  to  Equation  2,  production  and 
mortality  estimates: 

a.  Values  of  r^  and  were  utilized  as  accurate 

values  related  to  detritus  flux. 

b.  If  production  or  mortality  values  were  negative,  the 
values  were  computed  as  follows: 

1)  If  Ab  was  positive  and  Aa  was  positive, 

was  assumed  to  be  zero;  mortality  was  equivalent 
to  Aa;  and  production  was  Aa  + Ab  . 

2)  If  Ab  was  positive  and  Aa  was  negative,  X^ 

was  equal  to  Aa  ; mortality  was  zero;  and 
production  was  equal  to  Ab  . 

3)  If  Ab  was  negative  and  Aa  was  negative,  X^ 

was  equal  to  the  absolute  value  of  Ab  + Aa  ; 
mortality  was  equal  to  X^  + (-Aa)  ; and  produc- 

tion was  mortality  plus  (-Ab)  . 

4)  If  Ab  was  negative  and  Aa  was  positive,  X^ 

was  equal  to  zero;  mortality  was  Aa  ; and  pro- 
duction was  Aa  + (-Ab)  . 

59.  The  procedure  described  in  the  preceding  paragraph  was  not 
utilized  in  more  than  4 of  the  14  samples  in  Delaware  and  Georgia  for 
each  species.  These  procedures  were  adopted  from  Smalley  (1958)  re- 
defining the  terminology  in  terms  of  Wiegert  and  Evans  (1964). 

Final  estimates 

60.  Environmental  metabolism  and  resultant  variability  of  de- 
tritus flux  rates  were  such  that  it  was  difficult  to  detect  clear 
seasonal  patterns  for  monthly  productivity  estimates.  Therefore, 

in  order  to  obtain  expandable  estimates,  final  net  aerial  primary 
production  estimates  were  a result  cf  averaging  the  values  for  all 
three  methods  utilized.  The  tidal  variability  that  demanded  this 
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treatment  of  the  data  is  discussed  in  detail  in  the  following  section. 
Frequency  of  inundation 

61.  Using  a Zeiss  Model  N12  self-leveling  level  and  a Phila- 
delphia Model  C metric  rod,  elevations  from  nearby  benchmarks, 
corrected  to  tidal  data  from  the  nearest  National  Ocean  Survey  Primary 
Tide  Stations,  were  run  to  adjacent  salt  marshes.  Fifty  elevations 
were  taken  within  each  stand  at  each  location.  Elevation  frequency 
plots  were  constructed  for  each  of  the  plants  in  each  of  the  three 
locations  relative  to  mean  sea  level  (msl)  and  the  percent  of  the 
tidal  range  (between  mlw  and  rahw)  above  mlw.  These  elevations  served 
to  verify  or  cause  rejection  of  earlier  assumptions  relative  to  the 
potential  frequency  of  inundation. 

62.  Pertinent  tidal  and  climatological  data  were  obtained 
from  the  National  Oceanographic  and  Atmospheric  Administration  (NOAA) 
for  areas  closest  to  the  collection  sites  (Appendices  A and  B). 

Test  Results 

Tidal  influence 

63.  In  order  to  adequately  evaluate  the  Wiegert  and  Evans 
(196A)  methodology,  it  was  necessary  to  consider  the  tidal  parameter 
influencing  the  plant  stands.  Maximum  tidal  range  (3.20  m)  was 
found  in  Maine  (Table  4),  where  most  of  the  plants  were  growing  at 
elevations  below  mhw  (none  of  the  Delaware  or  Georgia  plants  ex- 
cept Spartina  aynosuroidee  had  their  lower  elevation  limit  below 
mhw).  The  plant  frequency  of  occurrence  for  50  elevation  measurements 
in  each  stand  is  shown  in  Figures  18  through  20.  For  comparative 
purposes,  these  frequency  distributions  also  Include  Spartina  altemi- 
flora  (Delaware  and  Georgia),  Junaua  roemerianus  (Georgia),  Saliaomia 
virginioa  (Delaware  and  Georgia),  Carex  sp.  (Maine),  and  Soirpus 
ameriaanua  (Georgia).  This  information  suggests  that  the  potential 

of  tidal  Influence  is  greatest  in  the  Maine  stands.  This  becomes  a 
significant  consideration  in  evaluating  the  net  aerial  primary  produc- 
tion estimates  utilizing  the  Wiegert  and  Evans  (1964)  method  as  will 
be  discussed.  In  addition,  the  tidal  amplitude  suggests  Increased 
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Table  4 

Elevation  Ranges^  Above  Mean  Low  Water  for  Each  Anglosperm 
and  Its  Sample  Location  Based  on  Tidal  Datiim 


Location 


Anglosperm 

Malne^ 

Delaware^ 

c 

Georgia 

5. 

frutesaens 

_g 

_ 

2.25-2.49 

D. 

spioata 

- - 

1.35-1.38 

2.54-2.74 

I. 

frutescens 

- - 

1.30-1.59 

2.71-2.84 

J. 

gerardii  (C)*^ 

2.94-3.95 

- - 

- - 

J. 

0 

gerardii  (H) 

3.53-3.89 

1.30-1.59 

- - 

P. 

cortmmis 

- - 

1.42-2.96 

- - 

S. 

altemiflora  (C)'^ 

2.32-3.01 

- - 

- - 

S. 

0 

altemiflora  (H) 

2.43-2.80 

- - 

- - 

S. 

cynoBuroides 

- - 

- - 

2.13-3.16 

S. 

patens 

2.86-3.12 

1.34-1.48 

2.92-3.04 

S. 

virginiaua 

- - 

- - 

2.90-3.11 

In  metres. 

^mhw  « 3.20  m;  ralw  “ 0.00  m. 

*’mhw  » 1.25  m;  mlw  = 0.00  m. 

*^mhw  « 2.13  m;  mlw  = 0.00  m. 

'^Creekbank. 

^Hlghmarsh . 

Indicates  plant  species  not  present. 


60 


ELEVATION  - PERCENT  OF  TIDAL  RANGE  ABOVE  MEAN  LOW  WATER 


PLANT  ELEVATION  FREQUENCY  DISTRIBUTION  FOR  MAINE 


SALT  MARSH  PLANTS 

Figur«;  18.  Salt  marsh  angiosperm  plant  elevation 
frequency  distributions  for  Maine 
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ELEVATION -ABOVE  MEAN  SEA  LEVEL  (METRES) 


EtCVMTlON- PCRCCNT  Of  tidal  AANGE  ABOVE  MEAM  LOW  WATER 


PLANT  ELEVATION  FREQUENCY  DISTRIBUTION  FOR  DELAWARE 
SALT  MARSH  PLANTS 


Figure  19.  Sail  marsh  angiospcrm  plant  elevation  frequency 
distributions  for  Delaware 


ELEVATION -ABOVE  MEAN  SEA  LEVEL  ^ICTRES 


potential  of  storm  or  spring  tide  flooding  with  increasing  tidal 
amplitude. 


Dead  plot  activity 

64.  A summary  of  and  w^  mean  values  (Table  5)  was 

utilized  to  approximate  the  dead  plot  activity  on  an  average  basis. 

The  method  designed  by  Wlegert  and  Evans  (1964)  is  effective  only 

for  those  systems  which  are  in  a steady  state.  Information  on  w^ 

and  Wj^  indicated  that  in  all  instances  the  initial  dead  sample 

(Wq)  was  greater  than  the  second  dead  harvest  (Wj^'>  except  in 

Phragmites  conmunis.  Thus,  Phragmites  cormunis  was  accumulating 

2 

material  at  an  estimated  rate  of  0.9  mg/g/day  or  3.1  g/m  /day.  Its 
establishment  on  dredged  material  was  apparently  recent  when  com- 
pared to  the  other  plant  stands  where  Distiahlis  spiaata,  for  ex- 
ample, only  occurred  in  the  oldest  of  marshes  (Kerwin  and  Pedigo 
1971).  Therefore,  it  must  be  concluded  that  Phragmites  cormunis  is, 
at  present,  not  in  a steady  state.  One  must  assume  that  disappear- 
ance of  the  dead  material  would  be  mandatory  to  adjust  for  production 
during  the  year.  Should  such  an  occurrence  not  take  place,  In- 
stabl!<»"v  of  the  stand  is  suggested. 

Removal  of  dead  material 

65.  The  percent  of  w^  which  on  an  average  basis  for  2 yr 
disappeared  (Table  5)  in  Maine  generally  indicated  higher  percentages 
that  correspond  directly  with  tidal  amplitude  and  tidal  elevations 
(Table  4)  for  these  stands.  The  percentage  of  w^  that  disappeared 
in  the  Maine  creekbank  stands  was  twice  that  of  the  highmarsh  stands. 

The  steep  slope  and  low  elevation  of  the  creekbank  resulted  in  longer 
periods  and  increased  frequency  of  inundation  at  these  locations. 

Because  of  both  the  vertical  rise  and  fall  of  the  tides  and  horizontal 
flow  over  the  stands,  increased  disappearance  of  dead  material  resulted. 

66.  The  highest  percent  removal  was  in  the  creekbank  Spartina 
altemiflora,  which  had  the  lowest  elevation  (Table  4)  and  greatest 
slope.  The  lowest  percent  removal  in  the  five  Maine  stands  was  in  the 
highmarsh  Juncrus  gerardii  where  this  angiosperm  was  noticeably 
separated  from  the  other  stands  by  a "Junaus  levee"  (Miller  and 
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Table  5 

Summary  of  Mean  Dry  Weight  Data  for  the  2-yr  Sample  Period, 
Percent  Removal  of  Dead  Material  In  the  Initial  Sample, 
and  Estimated  Instantaneous  Rates  of  Detritus  Flux 


Anglosperms 
and  location 

Wo(c) 

R/m^ 

Wj^(d) 

, 2 
g/m 

Average 

Percentage 

Removal 

rj(<!) 

rag/g/ 

day 

MAINE 

Junaus  gevardii  (C)^ 

326 

102 

60 

- 

Juncua  gerardii  (H)*^ 

90 

58 

34 

- 

Spartina  altemi flora 

(C)^ 

78 

12 

84 

- 

Spartina  altemi flora 

(H)*’ 

373 

218 

42 

- 

Spartina  patens 

1281 

751 

41 

- 

DEIJ^WARE 

Diatiahlis  apiaata 

693 

468 

32 

7 

Juncua  gerardii 

400 

245 

39 

9 

Phragmitea  ocmnunis 

3105 

3276 

-5 

-1 

Spartina  patens 

587 

392 

33 

7 

GEORGIA 

Distiahlia  apiaata 

742 

389 

48 

12 

Spartina  aynoauroidea 

1357 

988 

27 

6 

Spartina  patena 

565 

310 

45 

11 

Sporobolua  virginiaua 

109 

40 

63 

18 

^Creekbank. 

'^Hlghmarsh. 

c 

Wq  - mean  dead  biomass  of  initial  harvest 
d 

- mean  dead  biomass  at  second  harvest  (56  days  later) 
e 

r^  - estimated  Instantaneous  rate  of  detritus  flux 
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Egler  1950)  which  allowed  only  the  highest  of  tides  to  flood  the  site. 
The  average  percent  removal  was  lowest  in  Delaware,  again  corresponding 
to  the  elevation  of  the  stands  and  the  tidal  amplitude  at  this  site. 

67.  It  was  also  necessary  to  consider  that  assumably,  the  rate 
of  decomposition  is  rapid  for  a longer  period  of  time.  This  factor 
would  suggest  an  Increased  percent  removal  in  the  Georgia  site  when 
compared  to  either  Maine  or  Delaware.  However,  the  removal  percent- 
ages are  more  likely  to  be  dominated  by  the  effect  of  their  respec- 
tive tidal  elevations  in  the  Maine  site,  a parameter  considered  to  be 
of  greater  significance  than  decomposition  in  Maine  in  dictating  re- 
sultant disappearance  of  dead  biomass.  All  of  the  sites  were  subject 
to  extreme  high  tides  that  can  significantly  affect  the  rate  at  which 
dead  material  is  removed  for  any  given  harvest  Interval. 

Removal  of  live  material 

68.  The  influence  of  tidal  movement  required  that  the  assumption 
of  Wiegert  and  Evans  (196A),  regarding  removal  of  the  living  material 
from  the  dead  plot  not  significantly  influencing  the  rate  of  disappear- 
ance, be  questioned  in  these  estuarine  systems.  Initially,  most  of 
these  species  were  assumed  to  be  highmarsh  anglosperms  where  tidal 
influence  would  be  minimal  (Adams  1963),  and  such  an  assumption  would 
be  potentially  valid.  However,  the  elevation  data  clearly  demonstrated 
(Figures  18-20)  the  invalidity  of  such  an  assumption,  particularly 

in  Maine.  Therefore,  the  smallest  possible  sample  size  was  utilized 
in  instances  where  dense  stands  of  stems  were  present  (i.e.,  Distichlis 
apiaata^  Juncua  gerardii,  Spartina  patens,  Spartina  altemiflora,  and 
Sporobolua  virginiaua) • 

69.  It  was  assumed  that  the  removal  of  live  material  from  a 
small  plot  within  a dense  stand  would  allow  the  remaining  dead  material 
to  be  carried  only  to  the  edge  of  the  plot  where  it  would  meet  sub- 
stantial resistance.  However,  in  Maine  the  tides  submerged  these  plants 
more  frequently  (Table  5 and  Figure  18)  than  the  other  sites  (dally  as 
opposed  to  sporadic  occurrences),  thus  allowing  the  material  to  rise  to 
the  surface  of  the  water  and  float  free,  thereby  inflating  the  r^ 
values.  These  values  are  then  relative  values  which  coincide  with 
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tidal  amplitude  activity  and  elevation  limits  of  the  angiosperms. 

70.  Tidal  activity  would  tend  to  Increase  production  esti- 
mates, particularly  in  Maine,  since  the  removal  of  the  living 
material  at  time  t^  altered  the  system  in  a manner  that  decreased 
resistance  to  dead  biomass  removal  by  the  tides.  How  much  of  an 
inflation  this  would  cause  needs  further  study;  in  addition,  more 
frequent  sampling  is  needed  because  of  the  short  growth  period  and 
additional  elevation  data  on  each  sample  plot  are  needed.  Elevation 
data  by  plot  would  allow  a removal  potential  to  be  computed  with 
respect  to  tidal  Influence  and  final  values  of  production  could  be 
adjusted  accordingly. 

Detritus  flux 

71.  The  mean  rates  of  detritus  flux  (Table  6)  Indicated  that 
observations  made  concerning  w^  and  w^  values  were  valid  (i.e., 
Maine  generally  had  higher  rates  of  flux  followed  by  Georgia,  then 
Delaware).  The  percent  of  the  total  r^  monthly  means  that  were 
negative  (Table  6)  indicated  similar  results  for  all  the  stands.  Only 
Delaware  Diatiahlia  spiaata  and  Maine  creekbank  Spartina  altemiflora 
had  no  negative  r^  values.  Phragmites  aormrunis  had  the  most  nega- 
tive r^  values  as  might  be  expected  based  on  its  accumulation 
status. 

72.  Both  heterogeneity  of  the  areas  and  the  potential  for 
tides  to  move  dead  material  into  the  dead  plots  could  result  in  nega- 
tive rates  of  detritus  flux.  Heterogeneity  was  probably  a secondary 
cause  when  compared  to  tidal  influence  in  this  case.  Mean  rates 

of  detritus  flux  (Table  6)  were  generally  higher  than  the  r^  values 
shown  in  Table  5.  The  r^^  results  in  Table  5 were  utilized  only  as 
an  indication  of  the  trends  that  might  result  in  the  r^  values. 
However,  due  to  the  variability  of  the  r^  , it  might  best  be  com- 
puted by  Wq  and  w^^  means  for  the  study  period.  The  fact  that  r^ 
values  were  computed  as  an  exponential  loss  rate  may  negate  its  valid- 
ity as  an  appropriate  component  of  the  salt  marsh  system  where  erratic 
tidal  influence  would  initiate  a loss  rate  that  could  not  be  assured 
to  be  potential. 

73.  Most  values  of  a (average  dead  biomass.  Table  7)  were  in 


67 


Table  6 

Summary  of  Instantaneous  Rates  of  Detritus  Flux  Data  and 


the  Percentage  of  r^  Values  That  Were  Negative  by 
Species  and  Location 


Percentage 

Anglosperms  r^  mg/g/day  Negative 


and  locations 

Min. 

Max. 

Mean 

r,  values 

MAINE 

J uncus  gerardii  (C)^ 

-10.0 

65.9 

32.4 

14.3 

Juncus  gerardii  (H)^ 

- 0.8 

55.7 

14.3 

20.0 

Spartina  altermi flora  (C)^ 

8.5 

67.2 

00 

0.0 

Spartina  altemiflora  (H)^ 

-10.3 

30.9 

12.3 

33.3 

Spartina  patens 

-13.3 

84.0 

14.5 

33.3 

DELAWARE 

Distiahlis  spicata 

1.4 

17.7 

6.8 

0.0 

Juncus  gerardii 

- 9.6 

27.1 

8.6 

21.4 

Phragmites  cormunis 

-11.0 

13.0 

0.9 

42.9 

Spartina  patens 

- 0.8 

52.8 

11.3 

7.1 

GEORGIA 

Distichlis  spicata 

- 4.6 

36.3 

13.0 

14.3 

Spartina  cynosuroides 

-38.9 

64 . 6 

9.1 

21.4 

Spartina  patens 

- 1.3 

30.3 

11.6 

14.3 

Sporobolus  virginicus 

- 2.5 

66.5 

23.1 

9.1 

^Creekbank. 

^Hlghmarsh. 
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Table 


excess  of  mean  Wq  values  (Table  5)  since  they  Included  dead  portions 
from  living  stems.  Those  values  of  which  exceeded  a values 

were  a result  of  the  averaging  process.  However,  the  close  similarity 
between  a and  w^  values  Indicated  that  the  assumption  made  by 
Wiegert  and  Evans  (1964)  that  the  two  plots  (i.e.  , the  clear-cut 
harvest  plot  and  the  adjacent  dead  plot)  were  Identical  was 
reasonable. 

Disappearance  of  material 

74.  The  Importance  of  the  instantaneous  rates  was  observed  when 
utilizing  the  rates  to  compute  the  amount  of  material  disappearing 
(X^)  during  the  year.  This  procedure  is  heavily  weighed  by  the  aver- 
age amount  of  dead  material  present  during  each  Interval  and  the 
Instantaneous  rate  of  detritus  flux  previously  discussed.  Values  for 

(Table  7)  portray  the  yearly  estimates  of  material  disappearing 
from  each  stand  utilizing  the  observed  r^  values  for  each  Interval. 

The  high  average  rates  do  not  always  indicate  high  amounts  of  dis- 
appearance in  Georgia,  but  the  smallest  amount  of  material  disappearing. 
The  value  for  Sporobolus  virginiaua  was  a result  of  material  being  re- 
moved by  high  tides,  where  the  short  height  of  the  plant  did  not  pre- 
vent material  from  rising  and  floating  free. 

75.  Values  for  X2  (Table  7)  were  computed  utilizing  the  adjust- 
ment criteria  discussed  in  the  methods  that  deleted  the  Influence  of 
negative  rates.  In  most  Instances,  this  procedure  decreased  the  amount 
of  dead  material  disappearing.  Relative  to  the  dead  plots,  this  de- 
crease was  not  accurately  accounting  for  the  material  being  removed. 
Because  of  increased  potential  removability  (i.e.,  the  absence  of 
living  material  in  the  dead  plots  permitting  Increased  tidal  influence 
to  remove  excessive  dead  biomass),  one  additional  sample  in  each  of 

the  three  stands  showing  a decrease  was  altered  to  correct  for  this  dis- 
crepancy. Maine  Spartina  patens,  for  example.  Indicated  a disappear- 
2 

ance  of  1769.2  g/m  during  the  winter.  This  resulted  in  a winter 

2 

production  of  1556.2  g/m  when  it  was  obvious  that  little  or  no 
production  may  occur  in  winter  (Bernard,  1974).  Therefore,  produc- 
tion was  assumed  to  be  zero  and  the  amount  of  material  that  disappeared 

2 2 

during  that  Interval  was  adjusted  to  213.0  g/m  . This  value  (213.0  g/m  ) 


1 


was  computed  by  assuming  the  standing  live  biomass  at  time  t-  declined 

2 ^ 
to  zero  (a  = -700  g/ra  ),  and  this  amount  was  contributed  to  the  standing 

dead  at  time  t^  . Therefore,  the  disappearance  was  the  adjusted 
change  In  dead  biomass  or  213.0  g/m^.  This  situation  provided  addi- 
tional evidence  that  the  Wiegert  and  Evans  (1964)  methodology  was  over- 
estimating Maine  production,  particularly  when  large  time  Intervals 
separated  the  harvests.  The  Spartina  aynosuroides  alteration  was  em- 
ployed to  eliminate  one  extremely  high  value  of  disappearance  that  was 
In  excess  of  the  standing  crop  (live  plus  dead)  and,  therefore, 
unreasonable. 

76.  Since  these  alterations  were  necessary,  in  addition  to 
alterations  resulting  from  values  with  negative  instantaneous  rates 

of  detritus  flux  and  instances  where  negative  production  and  mortality 
occurred,  the  percent  of  the  total  values  used  for  that  were 

altered  to  compute  were  calculated  (Table  8).  An  examination  of 

the  Xj^  and  X^  values  (Table  7)  and  a consideration  of  the  number 
of  adjustments  (Table  8)  indicate  the  severity  of  those  changes.  The 
adjustments  necessary  which  were  not  explained  by  the  negative  in- 
stantaneous rates  of  detritus  flux  are  also  indicated  (Table  8).  Most 
of  the  additional  adjustments  were  computed  because  the  change  in 
dead  standing  crop  was  greater  (-Aa)  than  the  amount  of  dead  material 
disappearing.  In  these  instances,  the  instantaneous  rate  of  detritus 
flux  was  an  underestimate,  which  may  create  an  overall  balance  of 
values  over  an  extended  period. 

Primary  productivity 

77.  Production  values  (P)  were  computed  by  three  methods 
(Table  7).  Values  of  P^  were  a result  of  adding  both  negative  and 
positive  values  arithmetically  based  on  monthly  r^^  values.  Values 
of  P2  were  estimated  utilizing  the  Smalley  (1958)  modification  as 
were  the  X2  and  M2  values.  Values  of  P^  were  a result  of  a 
computation  suggested  by  Wiegert  and  Evans  (1964)  where  an  estimate 
of  the  mean  dead  biomass  times  the  mean  rate  of  disappearance  was 
utilized.  The  highest  variability  in  these  values  was  in  the  Phi'agmites 
aarmunie  stand,  which  was  determined  earlier  not  to  be  in  a steady 
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ercent  of  Original  Values  Utilized  for  Which  Needed  Adjustments  to 
Compute  X_  and  Percent  Not  Explained  by  Negative  Instantaneous  Rates 
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with  modifications  to  eliminate  negative 


state.  Values  for  other  species,  although  variable,  were  quite  similar 
in  comparison  to  those  of  Phragmites  communis.  Mortality  values 
(Table  7)  were  computed  as  and  as  well  as  X2  and  P2  for 

and  M2  , respectively. 

78.  Those  values  observed  in  Table  9 are  a result  of  averaging 
the  values  found  in  Table  7.  Because  of  the  differences  between  computa- 
tion methods,  averaging  was  necessary  to  adjust  the  estimates  to  one 
single  estimate  for  each  component  in  order  to  compute  estimated  pro- 
duction (EP)  for  Table  9.  The  EP  value  was  computed  on  several  assump- 
tions : 

If  the  plant  stand  was  in  a steady  state,  then  the 
amount  of  material  being  produced  is  equal  to  the 
amount  of  material  being  removed.  This  assumption  was 
supported  by  the  results  of  work  done  by  Wiegert  and 
Evans  (1964)  and  Wiegert  and  McGinnis  (1975). 

If  the  plant  stand  was  in  a steady  state  and  in  general 
the  plants  produced  in  a year  die,  then  mortality  should 
equal  production.  This  assumption  was  supported  by  the 
data  and  by  biomass  information  on  the  aerial  portion 
of  the  plants  investigated  (Part  II). 

Therefore,  these  assumptions  lead  to  the  conclusion  that  X = M = P, 
i.e.,  the  amount  of  material  disappearing  (X)  is  equal  to  the  amount 
of  material  produced  (P).  Because  of  the  variability  Involved  in 
the  procedures,  it  appeared  most  reasonable  to  average  these  final 
values  to  get  an  appropriate  estimate  of  net  aerial  primary  production. 

79.  The  harvest  procedure  of  Wiegert  and  Evans  (1964)  was 
initiated  because  it  was  believed  that  much  of  the  influence  of  tidal 
inundation  and  decomposition  was  being  overlooked  by  simply  evaluating 
apparent  production  based  on  the  living  standing  crop.  To  evaluate 
how  much  production  potentially  remains  unnoticed  by  maximum  standing 
crop  methods,  the  maximum  standing  crop  of  living  material  ( b , Table 
9)  was  recorded.  This  value  was  dlvld.'d  into  EP  and  the  results  were 
recorded  in  Table  9 (EP/b).  Based  on  this  procedure,  much  of  the 
production  computed  here  would  have  gone  unnoticed.  The  validity  of 
Georgia  values  was  the  most  difficult  to  assess,  since  at  no  time  during 
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ed  Disappearance  CX  n/m  Hr),  Net  Aerial  Production 
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the  study  did  the  living  biomass  decline  to  zero.  Thus,  it  appeared 
that  production  continued  throughout  the  year  in  Georgia  during  this 
study.  Maine  values  clearly  appeared  to  be  overestimates  of  produc- 
tion; however,  only  a more  complete  evaluation  of  the  r^  component 
would  justify  this  assumption.  Delaware  turnover  values  were  similar 
to  those  found  by  Kirby  and  Gosselink  (1976)  in  their  study  of  the 
Louisiana  Spartina  altemiflora  marsh. 

Discussion 

80.  The  method  outlined  by  Wiegert  and  Evans  (1964),  Reimold 
et  al.  (1975),  Kirby  and  Gosselink  (1976),  and  Gallagher  et  al.  (In 
press)  appears  to  approach  the  difficulties  of  estimating  net  primary 
production  in  a manner  applicable  to  a grassland  system.  These  pro- 
cedures remain  questionable  in  an  estuarine  system  with  environmental 
variables  not  present  in  the  old  field  system  for  which  the  method 
was  designed.  It  was  felt  that  these  data  unquestionably  show  the 
influence  of  tidal  activity  and  may  negate  the  use  of  the  exponential 
rate  function  r^  , which  is  a dominating  component  of  the  production 
estimates.  Therefore,  the  assumptions  that  must  be  made  for  grasslands 
cannot  be  made  in  salt  marshes;  however,  the  estimates  obtained  from 
evaluating  the  dead  material  contributed  to  the  estuarine  system, 
either  through  tidal  disappearance  or  decomposition,  were  necessary  to 
cocanlne  the  potential  of  an  estuarine  system  (Kirby  1971). 

81.  Additional  information  must  be  gathered  on  the  expected 
life  span  of  individual  plants  considered  in  this  study.  With  this 
additional  information,  one  could  feasibly  examine  the  potential 
production  of  the  estuarine  plant  species  to  compare  to  the  estimates 
being  gathered.  Until  such  information  is  made  available,  it  will  be 
difficult  to  indicate  the  precision  of  these  estimates.  All  of  these 
values  could  be  overestimates  of  net  aerial  primary  production;  how- 
ever, since  net  aerial  primary  production  values  are  all  estimates, 
the  true  value  remains  to  be  validated  for  any  location  utilizing 

a method  applicable  to  the  marsh  system. 

82.  Part  IV  compares  estimated  net  primary  production  harvest 
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methodology  indicating  that  no  method  presently  developed  is  completely 
adequate  for  the  estuarine  ecosystem.  Lomnicki  et  al.  (1968)  suggest 
a modification  of  the  Wiegert  and  Evans  method  in  which  the  dead 
material  is  removed  in  a manner  that  assumes  that  its  removal  does 
not  significantly  influence  the  rate  of  mortality.  In  the  estuarine 
system  this  assumption  might  be  more  acceptable  than  those  indicated 
by  Wiegert  and  Evans  (1964);  however,  to  date,  no  one  has  verified  the 
method  for  the  salt  marsh  system. 

83.  Gallagher  et  al.  (In  press)  suggested  that  the  application 

of  Wiegert  and  Evans  (1964)  methodology  to  marshes  in  the  more  northerly 

Atlantic  coast  sites  would  raise  production  estimates  as  it  did  in  the 
lower  latitudes.  However,  they  also  suggested  that  although  production 
values  would  rise,  the  lower  latitudes  would  still  persistently  have 
higher  values.  Latitude  was  suspected  to  have  a significant  influence 
on  the  performance  of  the  plant  species  investigated;  however,  as 
suggested  by  Hatcher  and  Mann  (1975),  localized  environmental  para- 
meters (e.g.,  nutrients  and  elevation)  may  be  more  directly  responsible 
for  growth  when  comparing  a limited  number  of  stands  as  in  this  study. 

84.  More  information  is  required  on  the  physiological  responses 

of  the  plant  species  investigated  here  to  determine  optimum  habitat. 

Such  studies  might  conclude  that  the  prevailing  environmental  metabolism 
of  the  Maine  marshes  may  be  more  suitable  for  optimum  growth  of  many 

of  these  plant  species,  thereby  validating  the  results  of  this  study. 

85.  Odum  (1961)  and  Odum  and  Riedeburg  (1976)  suggested  that 
"tidal  subsidy"  was  Important  in  categorizing  production  in  height 
forms  of  Spartina  alterni flora.  Based  on  tidal  elevation  data  of  the 
plants  investigated,  tills  theory  is  supported  by  the  resulting  produc- 
tion estimates  and  it  may  apply  to  a much  broader  range  of  plants 
than  suspected.  However,  discrepancies  between  values  of  apparently 
productive  minor  marsh  plants  and  estimates  of  Spartina  altemi flora 
production  Indicate  that  this  theory  may  only  hold  for  a single 
species  in  a localized  area  and  not  between  species  or  widely  varied 
locations.  Although  these  primary  productivity  values  are  consider- 
ably higher  than  those  previously  published  in  the  literature  (Harper 
1918,  Walts  1967,  Udell  et  al.  1969,  Johnson  1970,  Stuckey  1970, 
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Walton  1972,  Gallagher  and  Reimold  1973,  Nixon  and  Ovlatt  1973a, b, 
Reimold  et  al.  1973,  Wallentinus  1973),  it  appears  that  the  present 
approach  might  more  closely  approximate  the  true  net  aerial  primary 
production . 

86.  Kirby  and  Gosselink  (1976)  concluded  that  the  Wlegert 
and  Evans  (196A)  method  possibly  yielded  the  closest  estimate  to  the 
true  net  aerial  primary  production,  since  other  harvest  methods  com- 
monly utilized  in  salt  marsh  systems  are  underestimates  of  net  primary 
production.  The  Wiegert  and  Evans  (1964)  method  was,  however,  observed 
to  be  a potential  overestimate  indicating  that  the  true  net  aerial 
primary  production,  exclusive  of  leaching  and  herbivory,  is  an 
intermediate  value  between  this  method  and  others. 

87.  The  complexity  of  the  salt  marsh  system  and  the  extreme 
variability  between  methodology  (Kirby  and  Gosselink  1976,  Part  IV) 
provide  evidence  that  more  work  is  still  required  to  acquire  precise 
production  estimates.  Therefore,  it  appears  that  studies  involving 
detailed  and  complex  sampling  that  concentrate  on  the  environmental 
parameters  unique  to  the  system  are  a necessity.  Presently,  the 
method  designed  by  Wlegert  and  Evans  (1964)  used  in  conjunction  with 
tidal  data,  physiological  tolerance  information  on  the  plants  being 
investigated,  and  knowledge  of  the  system,  in  general,  affords  the 
most  feasible  means  of  obtaining  more  precise  estimates.  The  esti- 
mates of  this  study  must  serve  as  a suggestion  that  net  aerial  primary 
production  could  be  considerably  higher  than  previously  suggested  in 
the  literature. 
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PART  IV:  EVALUATION  OF  NET  AERIAL  PRIMARY  PRODUCTION 
ESTIMATION  METHODOLOGY  FOR  SELECTED 
ESTUARINE  MACROPHYTES 

Introduction 

88.  Common  to  most  ecological  studies  is  an  analysis  of  the 
metabolic  activity  of  the  primary  producers  in  terms  of  net  primary 
production.  Resulting  values  of  annual  net  primary  production  (ANPP) 
are  questionably  comparable  because  of  temporal,  spatial,  and  method- 
ology differences.  As  ecosystem  modeling  becomes  more  refined,  com- 
parisons of  various  systems  will  be  useful.  Therefore,  it  is  neces- 
sary that  considerable  emphasis  be  placed  on  methodology  related  to 
the  collection  and  treatment  of  data  so  that  systems  analysis  compari- 
sons are  feasible. 

89.  The  problem  of  employing  different  techniques  to  estimate 
a single  component  of  a system  appears  to  be  more  and  more  obvious 
in  the  literature.  The  problem  is  confined  not  only  to  different 
techniques  for  different  systems,  but  it  is  common  to  see  various 
methodologies  to  evaluate  a similar  system  in  two  locations.  The 
salt  marsh-estuarine  system  is  no  exception. 

90.  Kennedy  (1972),  Singh  and  Yadava  (1974),  and  Singh  et  al. 
(1975)  have  assessed  methods  of  estimating  ANPP  in  grasslands.  Their 
approach  has  been  statistical  as  well  as  biological  in  order  to 
determine  the  best  and  most  comparable  methods  presently  available. 

91.  The  relationship  for  each  method  used  by  Singh  et  al. 

(1975)  in  the  grasslands  is  not  necessarily  applicable  to  the  estu- 
arine system  where  additional  environmental  parameters  (e.g.  the 
tides)  are  a significant  influence.  Kirby  (1971)  has  discussed 
advantages  and  disadvantages  of  a variety  of  methods  utilized  in 
wetland  systems.  However,  to  date,  no  standard  method  is  utilized 
in  either  system,  grasslands  or  wetlands. 

92.  This  part  of  the  report  evaluates  several  methods  of 
ANPP  estimation  and  presents  the  resulting  quantitative  data  for  a 
number  of  salt  marsh  macrophytes  in  Maine,  Delaware,  and  Georgia. 

A statistical  approach  has  not  been  taken;  however,  the  resulting 
data  will  allow  comparisons  of  presently  existing  values  of  estimated 
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net  aerial  primary  production  for  salt  marsh  angiosperms.  In  addition, 
the  extreme  ranges  produced  by  the  methodology  will  be  an  attempt  to 
support  the  need  for  a standard  method  with  considerations  of  acquiring 
the  most  accurate  and  ecologically  meaningful  estimates. 

Methods 

93.  Information  necessary  to  compute  production  for  six  salt 
marshes  along  the  eastern  coast  of  the  United  States  (Maine,  Delaware, 
and  Georgia)  was  collected.  Selection  criteria  and  site  locations 
for  obtaining  that  information  in  the  field  were  reported  in  Parts  II 
and  III.  Aerial  plant  material  was  harvested  utilizing  contiguous 
paired  plots  as  described  by  Wiegert  and  Evans  (196A)  and  Reimold 

et  al.  (1975)  (see  Part  II  and  Part  III).  The  angiosperms  chosen 
for  investigation  and  their  location  are  shown  in  Table  10.  Seasonal 
biomass  Information  and  seasonal  production  results  based  on  Wiegert 
and  Evans  (1964)  methodology  were  presented  in  Part  III.  Only  mono- 
specific  stands  of  plant  species  were  evaluated  in  these  studies. 

94.  Five  methods  of  computing  annual  net  production  in  salt 
marsh  systems  were  selected  for  comparison.  The  difficulties  of 
placing  appropriate  statistical  tests  on  production  estimates  are 
well  known.  Therefore,  it  was  assumed  that  the  values  to  be  pre- 
sented were  relative  values,  representative  of  the  angiosperms  investi- 
gated. The  information  collected  for  each  angiosperm  was  dependent  on 
identical  technique  and  measurement  of  identical  components  for  each 
species.  For  the  purpose  of  the  discussion,  it  was  assumed  that 

the  monthly  averages  were  without  error,  an  assumption  that  will  be 
discussed  later. 

95.  All  data  collected  from  Maine  were  Integrated  to  produce 
data  at  monthly  intervals  for  1 yr  (Part  III).  Phragmites  oommunia, 
SpoPobotus  virginiaue,  and  Iva  frutesaena  (Georgia)  data  were  utilized 
from  February  1974  through  January  1975  because  of  late  initiation  of 
samples  in  the  Spopobolua  vipginiaua  and  Iva  fputeaaena  stands  and 
because  of  site  relocation  of  Phpagmitea  aorrrmmia.  All  other  data 
were  bimonthly  samples  collected  from  27  August  1973  through  25  August 
1975  and  the  resulting  ANPP  values  were  divided  by  two  to  get  an 
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Table  10 

Anglosperms  Evaluated  and  Their  Geographic  Location 


Anglosperms 

Location^ 

BoTviohia  frutesaens 

G 

Distiahlis  spioata 

D G 

Iva  frutesaens 

D G 

J uncus  gerardii  (C) 

M 

Junaus  gerardii  (H)'" 

M D 

Pkragmites  oormunis 

D 

Spartina  altemiflora 

(C)*’ 

M 

Spartina  altemiflora 

(H)'" 

M 

Spartina  cynosuroides 

G 

Spartina  patens 

M D G 

Sporobolus  virginiauB 

G 

=•  Maine,  D =•  Delaware,  G •=  Georgia 

^Creekbank. 

c 

Hlghmarsh. 
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average  ANPP  for  the  2-yr  period. 

Review  of  ANPP  Methodology 

96.  An  excellent  review  of  ANPP  methodology  was  presented  by 
Singh  et  al.  (1975)  with  relation  to  grassland  systems.  The  method- 
ology presented  there  does  not  change  for  the  estuarine  system; 
however.  Interpretation  and  criticism  of  the  results  varied.  There- 
fore, only  those  methods  utilized  In  this  study  are  briefly  presented 
In  terms  of  basic  methodology  for  convenience  of  comparison.  In 
addition,  a more  recent  ANPP  estimate  procedure  developed  by  Valiela 
et  al.  (1975)  is  also  discussed  here. 

Method  1 - peak  standing  crop 

97.  Method  1 entailed  selecting  the  peak  standing  crop  of 
living  material  from  the  harvest  data  for  each  year,  taking  the  mean 
of  the  two  peaks,  and  utilizing  the  resulting  value  as  the  ANPP  value. 
Since  plants  of  the  nature  studied  gain  and  lose  leaves  throughout 

the  season,  this  method  was  considered  to  result  in  an  underestimate 
of  ANPP.  This  procedure  is  commonly  used  in  agriculture  to  determine 
yields  of  economically  important  crops  (Milner  and  Hughes,  1968). 

Method  2 - Milner  and  Hughes  (1968) 

98.  Method  2,  suggested  by  Milner  and  Hughes  (1968),  Involved 
summing  the  positive  changes  in  the  standing  crop  of  living  material 
(Ab)  between  intervals  for  a 1-yr  period.  The  equation  is  presented 
by : 

n 

ANPP  = Z (Abj^)  (3) 

1 =•  1 

Method  3 - Smalley  (1958) 

99.  Method  3,  presented  by  Smalley  (1958),  is  the  most  widely 
used  method  of  net  production  estimation  utilized  in  marsh  systems 
(Kirby  1971).  Determinations  of  both  living  and  dead  standing  crop 
biomass  were  utilized  and  production  was  computed  as  follows: 

If  there  were  both  an  Increase  in  the  standing  crop  of 
living  material  and  an  increase  in  standing  crop  of 
dead  biomass,  the  net  production  was  the  sum  of  the 
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Increases. 

If  both  living  and  dead  standing  crops  decreased,  then 
production  was  zero. 

c^.  If  the  standing  crop  of  living  biomass  increased  and 

the  standing  crop  of  dead  biomass  decreased,  production 
was  equal  to  the  increase  in  the  living  material. 

If  the  amount  of  dead  material  increased  and  the  amount 
of  living  biomass  decreased,  they  were  added  algebra- 
ically; if  the  result  was  negative,  production  was 
zero;  and  if  the  result  was  positive,  the  resulting 
value  was  equal  to  production. 

The  sum  of  the  resultant  values  for  the  above  assessment  represents 
ANPP. 

Method  4 - Valiela  et  al.  (1975) 

100.  Method  4,  presented  by  Valiela  et  al.  (1975),  was  a 
procedure  involving  cumulative  measurements  of  production  in  a sequence 
of  sampling  intervals.  They  determined  that  the  standing  crop  varied 
little  from  year  to  year;  therefore,  the  sum  of  the  losses  of  dead 
material  over  a growing  season  should  equal  net  annual  aboveground 
production.  'This  was  a necessary  assumption  because  growth,  death, 

and  disappearance  of  dead  material  took  place  between  their  sampling 
intervals.  The  amount  of  plant  biomass  e that  died  and  was  not  in- 
cluded as  dead  standing  crop  was  calculated  as  follows: 

e * -Ad,  if  Al > 0 and  Ad  < 0 (A) 

e - (Al  + Ad),  if  Al<  0 (5) 

where  Al  was  the  change  in  live  standing  crop  between  any  two  sampling 
dates  and  Ad  was  the  change  in  standing  dead  material  for  the  same 
interval . 

101.  Values  of  e could  never  be  negative  because  Valiela  et  al. 
assumed  that  only  live  biomass  In  the  plots  contributed  to  the  standing 
dead  material  component.  Therefore,  should  a negative  e result,  the 
values  were  set  equal  to  zero.  The  e values  computed  were  summed  to 
get  estimated  yearly  production. 
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Method  5 - Wlegert  and  Evans  (1964) 

102.  Method  5,  suggested  by  Wiegert  and  Evans  (1964),  was  the 
most  involved  procedure  utilized.  This  procedure  was  specifically 
designed  for  grassland  systems;  however,  it  had  recently  been  utilized 
in  wetlands  (Reimold  et  al.  1975,  Gallagher  et  al.  In  press).  This 
method  requires  an  additional  consideration,  relative  to  the  other 
methods,  in  computing  ANPP  (i.e.,  the  disappearance  of  dead  material). 

103.  Wiegert  and  Evans  suggested  that  if  the  dead  material  is  re- 
moved from  a given  area  and  weighed  w^  at  time  t^  , and  if  the  dead 
material  from  a second  area  identical  in  size  to  the  first  is  removed 
and  weighed  w^  at  time  t^  , the  Instantaneous  rate  of  disappearance 
of  dead  material  from  these  plots  could  be  computed  as: 


(Wq/Wi) 


(6) 


where  r^  = disappearance  rate,  g/g/day,  and  (t^^  - t^)  is  in  days, 

104,  To  minimize  the  error  involved  in  the  paired-plots  method, 

the  living  vegetation  on  each  of  the  two  paired  quadrats  was  removed 

by  selective  clipping.  Quadrats  were  paired  in  a manner  such  that 

they  shared  a common  border.  One  plot  was  then  selected  at  random 

and  the  dead  material  was  removed  w . After  a known  time  Interval 

o 

tj^  - tg  , the  site  was  revisited  and  the  dead  material  was  removed 
from  the  remaining  plot  w^^ 

105.  Utilizing  these  results,  the  amount  of  dead  material 

disappearing  during  an  Interval  was  computed  as  follows; 


Xi  = [(af  + ai-i)/2]  ritf  (7) 

where  a^  “ standing  dead  material  at  the  end, 
a^_j^  « standing  dead  material  at  start, 
t^  =•  interval,  days. 

106.  Changes  in  standing  crops  of  living  (Ab^)  and  dead 
material  (Aa^),  respectively,  were  computed  as  follows: 


Ab^ 

■ ‘’1  - ‘’i-l 

00 

Aa^ 

■ ^ ■ ^1-1 

(9) 

I 
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107.  Finally,  mortality  was  computed  as: 

d^  = + a^  (10) 

and  production  was  computed  as: 

+ d.  (11) 

The  sura  of  the  Y^  values  results  in  an  estimate  of  ANPP. 

Results  and  Discussion 

108.  A summary  of  maximum  and  minimum  live  and  dead  standing 
crops  for  the  plants  evaluated  is  presented  in  Table  11.  The  re- 
sulting estimates  of  ANPP  by  method  (Table  12)  should  be  utilized  to 
clarify  the  following  discussion. 

Method  1 

109.  Method  1 (Peak  Standing  Crop)  assumes  that  there  is  no 
carry-over  of  living  material  from  one  year  to  the  next.  The  assump- 
tion would  be  valid  for  Delaware  and  Maine,  but  not  for  Georgia. 
Therefore,  not  only  geographical  location  must  be  considered,  but  a 
consideration  of  the  morphology  of  plant  species  is  also  necessary. 
Borviohia  frutesaens  and  Iva  frutesaens  were  woody  plants  and  carry- 
over of  living  material  occurred.  Therefore,  as  suggested  by  Ovlngton 
et  al.  (1963)  and  Singh  and  Yadava  (1972),  the  lowest  value  of  standing 
crop  should  be  subtracted  to  account  for  carry-over  growth.  Since 

the  method  did  not  take  into  account  mortality  between  harvest  inter- 
vals nor  did  it  consider  disappearing  material  between  Intervals,  it 
results  in  a severe  underestimate  of  net  aerial  primary  production. 

Method  2 

110.  Method  2 (Milner  and  Hughes  1968)  resulted  in  ANPP  esti- 
mates that  were  lower  in  Georgia  than  those  for  Method  1.  This  was 
a direct  result  of  the  living  component  never  declining  to  a zero 
biomass  value.  Therefore,  the  Increment  differences  were  small  In 
relation  to  the  maximum  living  material  present  at  any  singl<-  peak 
In  Delaware  and  Maine,  the  ANPP  estimates  from  Methods  1 arid  7 
nearly  identical.  This  was  again  in  response  to  the  .Ivlni 

which  declined  to  zero  during  the  winter.  Therefore,  the  «a»  •'  - 
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Table  11 

Snimary  of  Minimum.  Maximum,  and  Ranges  for  Dry  Weights 


of  Living  and  Dead  Aerial  Plant  Material  by 
Species  and  Location 


Live  Material  Dead  Material 


Anglosperms 

Min 

Max 

Range 

Min 

Max 

Range 

Maine 

J.  gerardii  (C)^ 

0 

644 

644 

34 

1050 

1016 

J.  gerardii  (H) “ 

0 

244 

244 

22 

432 

410 

S.  altemiflova  (C)^ 

0 

431 

431 

20 

431 

411 

S.  altexmiflora  (H)  ° 

0 

245 

245 

187 

641 

454 

S.  patens 

0 

912 

912 

132 

2124 

1992 

Delaware 


D.  spioata 

0 

1142 

1142 

248 

1302 

1054 

I.  frutesoens 

427 

1491 

1064 

107 

565 

458 

J.  gerardii 

0 

560 

560 

182 

748 

566 

P.  acrrmtnis 

0 

965 

965 

1464 

3051 

1587 

S.  patens 

0 

962 

962 

354 

962 

608 

Georgia 


B.  frutesoens 

648 

1860 

1212 

184 

291 

107 

D.  spioata 

128 

458 

330 

331 

1260 

929 

I.  frutesoens 

116 

1288 

1172 

538 

1396 

858 

S.  oynosuroidea 

4 

2176 

2112 

291 

2584 

2293 

S.  patens 

176 

980 

804 

236 

1324 

1088 

S.  virginious 

39 

262 

223 

80 

316 

236 

^Creekbank. 

^Hlghmarah. 

2 

NOTE:  All  measurements  are  In  g/m  . 
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Table  12 

Values  of  ANPP  by  Method.  Location,  and  Species 


Method 

by  location^ 

Anglosperms 

1 

2 

3 

4 

5 

Maine 

J.  gerardii  (C)^ 

644 

634 

1940 

1940 

4027 

J.  geropdii  (H) “ 

244 

562 

463 

616 

S.  altemiflora  (C)^ 

431 

431 

758 

758 

1602 

5.  altemiflora  (H)“ 

246 

246 

763 

662 

1611 

S.  patena 

912 

912 

3523 

3523 

5833 

Delaware 

D.  apiaata 

856 

864 

1274 

1191 

2017 

I.  fruteaoena 

1372 

1319 

1723 

1633 

- 

J.  gerardii 

524 

524 

884 

775 

1540 

P.  aormunia 

920 

965 

1501 

3203 

1749 

S.  patena 

807 

522 

980 

1241 

2753 

Georgia 

B.  fruteaoena 

1555 

1045 

1119 

1379 

- 

D.  apiaata 

395 

283 

1258 

988 

4378 

I.  fruteaoena 

1227 

1023 

1847 

2298 

- 

S.  oynoauroidea 

1920 

1866 

2789 

1742 

6039 

S.  patena 

946 

705 

1674 

1028 

3925 

S.  virginioua 

262 

220 

316 

447 

1387 

Creekbank. 


^Hlghmarsh. 

^Numbers  refer  to  method  numbers  as  cited  in  text. 

NOTE:  All  values  presented  in  grams  per  square  metre  per  year. 
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positive  Increments  of  changing  living  biomass  (Method  2)  was  equal 

to  the  peak  standing  crop  (Method  1).  Spartina  patens  in  Delaware 

presents  a potential  discrepancy  in  this  theory.  Although  the  standing 

live  component  did  decline  to  zero  during  the  winter,  the  peak  standing 

crop  value  for  Delaware  Spartina  patens  (Method  1)  was  unusually  high 

because  the  initial  two  samples  from  year  one  yielded  large  biomass 

values.  If  the  biomass  of  living  material  was  ignored  for  the  initial 

2 

samples,  then  the  peak  average  would  be  487.3  g/m  , a value  comparable 
to  Method  2.  These  large  peak  values  occurred  at  the  end  of  the 
growing  season  in  the  Delaware  Spartina  patens;  therefore,  no  positive 
increments  of  change  in  living  material  were  contributed  to  Method  2 
procedures  at  this  time. 

Method  1 vs.  Method  2 

111.  The  consistency  between  Methods  1 and  2 is  shown  in  the  Maine 
samples  (Table  12).  Junaus  gerardii  (C)  ANPP  was  lower  in  Method  2 
because  no  sample  collected  resulted  in  a zero  biomass  component.  How- 
ever, if  one  assumed  that  this  component  did  go  to  zero,  then  10  g of 
material  would  be  added  to  Method  2.  Milner  and  Hughes  (1968) 
suggested  that  their  method  was  an  underestimate  of  production  because 
death  of  living  material  between  harvests  was  not  considered.  In  addi- 
tion, it  appears  this  method  must  be  cautiously  used  only  in  areas 
where  an  annual  turnover  is  visually  apparent. 

Method  3 

112.  Method  3 (Smalley  1958)  was  consistently  higher  in  all  in- 
stances than  either  Method  1 or  2.  This  method  (3)  was  more  acceptable 
in  theory  than  the  other  methods  considered  thus  far  because  it  at- 
tempted to  account  for  the  mortality  of  living  material,  a necessary 
consideration.  However,  it  did  not  account  for  the  new  shoot  growth 
during  periods  of  rapid  decline  in  mature  live  standing  crop  when  no 
apparent  increase  in  the  dead  component  resulted  because  of  decomposi- 
tion and  tidal  removal  of  that  material.  Although  the  importance  of 
tidal  flushing  losses  and  decomposition  is  recognized  by  most 
researchers,  Smalley's  method  has  been  historically  prominent  in  the 
literature.  The  resulting  ANPP  values  indicate  that  this  method  (3) 
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produced  the  results  expected  based  on  tidal  elevations  of  the  plant 
species,  their  exposure,  and  the  appearance  of  the  stands  (Parts  II 
and  III). 

Method  4 

113.  Method  4 (Valiela  et  al.  1975)  attempts  to  compensate  for 
death  and  disappearance  of  dead  material  during  the  harvest  Intervals. 
The  method  was  designed  for  an  area  where  the  litter  component  of  dead 
material  was  negligible.  None  of  the  areas  sampled  for  this  study  had 
a negligible  litter  base  except  the  woody  plants,  Borrichia  frutesoens 
and  Iva  fmitesoerm.  In  addition,  the  method  did  not  evaluate  growth 
directly  unless  there  were  Increases  In  dead  matter.  If  the  living 
biomass  increased  while  some  living  plants  died  concomitantly,  and 

no  change  In  the  standing  dead  was  apparent,  a potential  occurrence 
because  of  tidal  flushing,  then  this  growth  remained  unassessed. 

Further,  it  must  be  considered  that  the  method  assumes  that  the  system 
being  evaluated  is  a steady  state  such  that  the  amount  of  material 
produced  Is  equal  to  the  amount  of  material  that  disappeared.  Finally, 
Method  4 does  not  permit  seasonal  growth  patterns  to  be  distinguished, 
since  unmeasured  growth  (Increase  in  living  biomass)  during  a harvest 
Interval  is  not  detected  until  decreases  In  dead  material  were  apparent 
at  a later  Interval.  Valiela  et  al.  (1975)  suggested  that  their  method 
was  an  underestimate  based  on  the  above  difficulties  and  fully  recog- 
nized its  limitations. 

Method  3 vs.  Method  4 

114.  Over  30  percent  of  all  resulting  ANFP  values  yielded 
greater  values  for  Method  4 than  Method  3.  Both  methods  had  Inherent 
difficulties;  however,  the  benefit  of  seasonal  results  was  a positive 
aspect  of  Method  3.  In  addition,  the  potential  of  Inaccurately  measur- 
ing the  dead  component  when  litter  was  prevalent  (Method  4)  appeared 
greater  than  the  potential  of  Inaccurately  measuring  standing  living 
material  (Method  3).  Therefore,  Method  3,  which  measured  the  living 
biomass  directly,  was  considered  to  be  more  reliable  than  Method  4. 
Spartina  oynoBuroidea  ANPP  determined  by  Method  4 was  less  than  the 
peak  standing  crop  of  living  material.  Enough  biomass  Information  Is 
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available  (Table  11)  to  Imply  that  Method  4 severely  underestimated 
the  production  of  this  plant.  With  plants  growing  above  mhw  (Part 
III)  dead  material  has  the  potential  to  accumulate  for  some  time 
before  tidal  flushing  takes  place.  Method  4 had  a greater  potential 
to  be  affected  by  this  occurrence  than  did  Method  3,  which  would 
account  for  the  occurrence  more  directly.  Both  estimates  (l.e., 

Methods  3 and  4)  were  considered  to  be  underestimates,  both  were 
plagued  with  Inherent  difficulties,  and  both  resulted  In  similar 
estimates. 

Method  5 

115.  Method  5 (Wlegert  and  Evans  1964)  was  more  difficult  to 
evaluate  for  specific  shortcomings.  However,  It  was  potentially  the 
most  questionable  method  to  use  for  the  marsh  system  since  It  was 
the  only  method  that  potentially  overestimated  net  production  ex- 
clusive of  herbivore  grazing  and  leaching  of  material  (Part  III). 

Several  assumptions  were  necessary  to  compute  the  Instantaneous 
rate  of  detritus  flux,  and  these  assumptions  were  found  to  be  ex- 
tremely Influential  In  the  resulting  ANPP  values.  The  assumptions 
and  explanations  are  as  follows: 

£.  Both  paired  plots  were  Identical.  Since  these 

data  were  from  monospecific  stands,  this  assumption 
appeared  reasonable  (Part  III) . 

The  removal  of  dead  material  did  not  Influence  the 
rate  of  disappearance.  This  assumption  could  not 
be  made  In  the  marsh  system  under  tidal  Influence. 

In  dense  stands  of  living  plants,  the  removal  of 
the  living  material  resulted  In  an  Increased  po- 
tential for  tidal  removal  of  the  remaining  dead 
during  the  harvest  Interval.  Coincidentally,  this 
method  may  have  also  decreased  the  potential  for 
rapid  decomposition  (Wlegert  and  Evans  1964),  pro- 
viding somewhat  of  a counter  response  to  the  tidal 
removal. 

I 

c^.  No  additional  material  could  be  contributed  to  the 

dead  material  of  the  plot  where  the  living  material  | 

» 

1 

I 


95 


was  selectively  removed  at  t^  . This  assumption 
could  not  be  made  In  the  estuarine  system,  again 
because  of  tidal  Influence  that  had  the  capability 
to  transfer  dead  material  from  one  plot  to  another. 
Negative  rates  of  disappearance  appeared  to  be  a 
direct  result  of  the  Invalidity  of  this  assumption. 
This  also  Indicates  that  growth  and  mortality  can- 
not occur  during  the  harvest  period. 

The  method  assumes  that  the  ecosystem  being  Investi- 
gated Is  stable,  and  that  utilizing  values  of  milli- 
grams are  accurate  In  harvest  data  (Singh  et  al. 
1975). 

A more  complete  evaluation  of  this  method  was  presented  In  Part  III. 
Comparison  of  methods 

116.  The  values  of  ANPP  used  In  Table  11  were  presented  In 
Part  II  after  modifications  of  Wlegert  and  Evans  (1964)  methodology 
Indicated  In  that  section.  The  values  presented  were  considered  to 
be  the  best  estimates  of  these  species'  ANPP's,  utilizing  the  logic 
presented  by  Wlegert  and  Evans  (1964).  In  all  Instances  except  for 
Phragmitee  aormunia.  Method  5 produced  higher  values  for  ANPP  than 
any  other  method.  Results  utilizing  Method  5 suggested  that  the 
Phragmitea  oormunia  stand  was  unstable  (Part  III)  where  material 
was  apparently  accumulating.  Method  4 produced  a higher  value  of 
ANPP  for  PhxKigmitea  oormtunia  where  It,  In  opposition  to  Method  5 
results.  Indicated  that  material  was  rapidly  disappearing.  If  the 
area  was  not  a stable  ecosystem,  then  neither  method  was  applicable, 
based  on  assumptions  that  must  be  made  In  both  Methods  4 and  5. 

117.  Selected  method  ratios  (Table  13)  are  presented  for 
rapid  comparison  of  methods  on  a relative  basis.  The  mean  ratio 
and  standard  error  (x  + s-)  for  each  comparison  Is  also  presented 
(Table  13),  which  Indicates  similarities  of  comparisons  among  loca- 
tions for  method  ratios  1:2,  2:3,  and  3:4  relative  to  those  values 
for  method  ratio  4:5.  The  comparisons  of  Methods  4 and  5 showed 
more  pronounced  differences  between  locations  based  on  mean  values. 

118.  A more  appropriate  comparison  might  be  that  of  the  most 
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Table  13 

Method  Ratios  by  Location  and  Species 


Ratios* 


Angiosperms  1:2 

2:3 

3:4 

4:5 

Maine 

J.  gerardii  (C)^  1.0 

0.3 

1.0 

0.5 

J,  gerardii  (H)“  1.0 

0.4 

1.2 

0.8 

5.  altemiflora  (C)®  1.0 

0.6 

1.0 

0.5 

5.  altemiflora  (H)“  1.0 

0.3 

1.2 

0.4 

S.  patens  1 . 0 

0.3 

1.0 

0.6 

X + s-  1.0  + 0.0 

— X — 

0.4  + 0.2 

1.1  + 0.0 

0.6  + 0.1 

Delaware 

D.  apicata  1.0 

0.7 

1.1 

0.6 

I.  frutesaens  1.0 

0.8 

1.0 

- 

J,  gerardii  1.0 

0.6 

1.1 

0.5 

P.  oormunis  1 . 0 

0.6 

0.5 

1.8 

S.  patens  1.5 

0.5 

0.8 

0.5 

X + 8-  1. 1 + 0. 1 

0.6  +0.1 

0.9  + 0.1 

0.9  + 0.3 

Georgia 

B.  frutesaens  1.5 

0.9 

0.8 

- 

D.  apiaata  1 . 4 

0.2 

1.3 

0.2 

J.  frutesaens  1.2 

0.5 

0.8 

- 

S.  oynosuroidea  1 . 0 

0.7 

1.6 

0.3 

S.  patens  1.3 

0.4 

1.6 

0.3 

S.  virginiaua  1 . 2 

0.7 

0.7 

0.3 

X + 8-  1.3  + 0.1 

— X — 

0.6  + 0.1 

1.1  + 0.2 

0.3  + 0.1 

*1:2  - peak  standing  crop  vs.  Milner  and  Hughes 

; (1968)  Methodology; 

2:3  ■ Milner  and  Hughes  (1968)  Methodology  vs. 

Smalley 

(1958) 

Methodology;  3:4  - Smalley  (1958)  vs.  Vallela 

et  al.  (1975)  Method- 

ology;  and  4:5  ••  Vallela  et  al. 

(1975)  vs.  Wlegert  and 

Evans  (1964) 

Methodology. 

^Creekbank. 

^Hlghaarsh. 
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widely  used  method,  Smalley  (1958),  and  those  values  computed  based 
on  the  methodology  of  Wiegert  and  Evans  (1964).  Excluding  the 
Phragmites  aonrrrunis  values.  Method  5 (Wiegert  and  Evans  1964),  on  an 
average  basis,  resulted  in  ANPP  estimates  3.1  (+  1.1)  times  greater 
than  Method  3 values  in  Georgia,  2.0  (+  0.4)  times  greater  than  in 
Delaware,  and  1.8  (+  0.2)  times  greater  than  in  Maine.  Wiegert  and 
McGinnis  (1975),  Bradbury  and  Hofstra  (1976),  Kirby  and  Gosselink 
(1976),  and  Gallagher  et  al.  (In  press)  also  found  that  Wiegert  and 
Evans  (1964)  methodology  yielded  results  greater  than  other  methods 
utilized.  If  Method  3 is  an  underestimate  and  Method  5 a potential 
overestimate,  the  true  net  aerial  primary  production  probably  lies 
somewhere  between  these  values.  Assuming  that  the  tidal  influence 
was  significant  in  these  systems,  ANPP  is  assumed  to  be  closer  to 
the  method  devised  by  Wiegert  and  Evans  (1964)  even  with  its  potential 
flaws.  The  modification  utilized  to  produce  these  values  for  Method 
5 (Part  III)  should  have  produced  a reasonable  estimate.  It  is  also 
necessary  to  consider  that  this  method  (Method  5)  was  the  only  one 
that  attempted  to  measure  the  components  needed  for  an  accurate 
estimate  of  net  aerial  primary  production. 

119.  These  data  indicated  that  the  method  utilized  for  com- 
puting ANPP  could  significantly  influence  the  conclusion  drawn 
from  a production  study  in  the  salt  marsh  ecosystem.  A comparison 
of  ANPP  values  for  Spartina  patens  supports  this  conclusion. 

Method  1 indicated  that  all  locations  are  equal  in  production.  Method 
2 Indicated  that  Maine  was  the  most  productive  followed  by  Georgia; 

Method  3 indicated  results  identical  to  Method  2;  Method  4 indicated 
Maine  was  the  most  productive  followed  by  Delaware;  and  Method  5 
again  indicated  a Maine,  Georgia,  then  Delaware  trend  of  decreasing 
magnitude  of  anglosperm  ANPP.  Species  morphology,  location,  and 
general  environment  may  also  significantly  affect  the  outcome  of 
any  single  method  as  has  already  been  Indicated. 

120.  The  methodology  of  Smalley  (1958)  and  that  of  Wiegert  and 

Evans  (1964)  allude  to  ANPP  estimates  applicable  to  the  salt  marsh 
system.  Smalley's  method  results  in  underestimates  of  ANPP,  while 
Wiegert  and  Evans'  estimates  are  potentially  Inflated.  Therefore,  the  | 

i 

'( 
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estimated  annual  net  aerial  primary  production,  as  stated  earlier, 
is  an  intermediate  value.  It  appears  feasible  that  the  two  values 
be  averaged  for  the  best  ANPP  estimate  for  these  plant  species  and 
the  resultant  estimates  are  found  in  Figure  21. 

121.  The  generally  higher  turnover  rates  (Table  14)  observed 
in  Maine  appear  to  be  the  result  of  increased  tidal  influence  on 
these  plants  (Part  III).  This  influence  tended  to  inflate  the 
Wlegert  and  Evans  (1964)  ANPP  values  to  a greater  degree  in  Maine 
than  in  Delaware  and  Georgia  where  tidal  influence  was  potentially 
less  (Part  III).  The  low  turnover  found  in  the  Georgia  BoPriahia 
fmteecens  was  a result  of  its  woody  nature.  The  exceptionally 
high  turnover  of  Georgia  Distiahtis  spiaata  stresses  the  potential 
importance  of  production  determination  methodology.  A brief  assess- 
ment of  peak  living  biomass  values,  or  even  the  changes  in  living 
biomass  without  a more  in-depth  consideration  of  the  additional 
components  effectively  influencing  production,  could  be  extremely 
misleading. 

122.  In  this  report,  less  emphasis  is  being  placed  on  pro- 
duction determination  because  of  the  multitude  of  publications  already 
in  existence.  However,  no  single  method  devised  to  date  adequately 
evaluates  net  primary  production  in  salt  marsh  ecosystems.  Conver- 
sion of  one  method  to  another  through  statistical  evaluations  of 
present  data  is  a feasible  approach,  although  these  data  indicate 

a tendency  for  species  to  require  different  conversion  factors  when 
transforming  estimates.  This  process  does  not  appear  to  be  one 
that  will  be  completed  in  the  near  future  and  the  accuracy  of  such 
a procedure  must  be  considered.  Standardizing  methodology  is  an 
alternative  that  will  result  in  comnarable  values;  however,  the 
conclusions  drawn  between  species  or  locations  may  contain  significant 
inaccuracies.  Many  researchers  have  suggested  that  variability  can 
be  reduced  by  adoption  of  techniques  applicable  to  the  community 
(Rickett  1922,  Walker  1947,  Brown  1954,  Pearsall  and  Graham  1956, 
Edwards  and  Owens  1960,  Westlake  1963). 

123.  This  community  approach,  with  considerations  of  species 
morphology  and  geographic  location,  appears  at  present  to  be  neces- 
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Figure  21.  Estimated  net  aerial  primary  produ'tion  for  angiospcrm"  sampled,  based  on 
the  average  value  of  Iletl'ods  3 and  5 (C  = Creckbank,  H = Higt’.marsh,  M = Maine, 

0 = Delaware,  G = Georgia) 


Table  14 

Estimated  Turnover  Based  on  ANPP  Estimates  Resulting  from 
AveraglnR  Methods  3 and  5 and  the  Peak  Standing  Crop 
(ANPP/Method  Values) 


Estimated 

Turnover, 

g/m^/yr 

Angiosperms 

Maine 

Delaware 

Georgia 

B. 

fruteaaena^ 

0.7 

D. 

spiaata 

1.9 

7.1 

I. 

frutescens^ 

1.3 

1.5 

J. 

gerardii  (C)^ 

4.6 

J. 

gerardii  (H) 

2.4 

2.3 

P. 

corrmunis 

1.8 

S. 

altemi flora  (C)^ 

2.7 

S. 

altemiflora  (H)^ 

4.8 

S. 

aijnoBuroides 

2.3 

s. 

patens 

5.1 

2.3 

3.0 

s. 

Virginians 

3.3 

^Smalley's  ANPP  estimates/method  1 values. 
*’Creekbank. 

^Highmarsh. 
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sary.  Such  an  approach  also  tends  to  rule  out  standardization  as  a 
viable  solution  and  again  leads  one  to  estimation  methodology,  which 
is  not  comparable  between,  or  even  within,  ecosystems.  Therefore, 
if  the  goal  of  the  researcher  is  to  collect  and  evaluate  accurate 
information  on  the  primary  producers,  the  issue  of  ANPP  estimation 
methodology  should  not  become  stagnant  until  a means  of  estimating 
net  annual  primary  production  is  devised  that  confidently  results  in 
reliable  estimates  of  this  parameter. 
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Mean  Mean 


Daily  Mean 

Maximum 

Minimum 

Rainfall  Q 

Month 

•C  'F 

•C  ’F 

•C  'F 

in.  cm 

Bcr  Harbor,  Maine 


Auguat  1973 

20.8 

(69.4) 

26.5 

(79.7) 

15.0 

(59.0) 

2.91 

( 7.39) 

September 

15.0 

(59.0) 

20.5 

(68.9) 

9.5 

(49.1) 

3.80 

( 9.65) 

October 

9.9 

(49.8) 

14.2 

(57.6) 

5.6 

(42.0) 

4.77 

(12.12) 

November 

3.4 

(38.2) 

7.3 

(45.1) 

.4 

(31.2) 

3.18 

( 8.08) 

December 

1.2 

(34.2) 

5.8 

(42.4) 

-3.3 

(26.0) 

8.56 

(21.74) 

January  1974 

-4.4 

(24.0) 

0.2 

(32.3) 

-9.1 

(15.7) 

3.07 

( 7.80) 

February 

-5.3 

(22.5) 

-0.4 

(31.3) 

-10.2 

(13.7) 

5.18 

(13.16) 

March 

0.3 

(32.5) 

5.1 

(41.1) 

-4.6 

(23.8) 

4.89 

(12.42) 

April 

7.8 

(46.0) 

13.6 

(56.5) 

1.9 

(35.4) 

3.90 

( 9.91) 

May 

10.1 

(50.1) 

15.4 

(59.8) 

4.6 

(40.3) 

4.04 

(10.26) 

June 

16.9 

(62.5) 

23.6 

(74.5) 

10.3 

(50.5) 

2.90 

( 7.37) 

July 

19.2 

(66.6) 

25.6 

(78.0) 

12.8 

(55.1) 

2.04 

( 5.18) 

August 

20.6 

(69.1) 

27.4 

(81.3) 

13.8 

(56.8) 

2.02 

( 5.13) 

September 

14.7 

(58.5) 

19.5 

(67.1) 

9.9 

(49.9) 

8.71 

(22.12) 

October 

7.4 

(45.4) 

10.2 

(54.0) 

2.7 

(36.8) 

1.22 

( 3.10) 

November 

4.3 

(39.7) 

8.1 

(46.5) 

0.4 

(32.8) 

4.50 

(11.43) 

December 

-0.5 

(.'1.1) 

3.4 

(38.1) 

-4.4 

(24.0) 

2.72 

(16.91) 

January  1975 

-3.4 

(25.9) 

1.3 

(34.3) 

-8.1 

(17.4) 

5.19 

(13.18) 

February 

-4.2 

(24.4) 

-0.3 

(31.5) 

-8.3 

(17.3) 

1.82 

( 4.62) 

March 

0.3 

(32.5) 

4.4 

(40.4) 

-4.2 

(24.5) 

4.52 

(11.4^ 

April 

5.6 

(42.1) 

11.3 

(52.3) 

-0.1 

(31.8) 

3.54 

( 8.9^ 

May 

13.5 

(56.3) 

19.7 

(67.5) 

7.3 

(45.1) 

2.35 

( 5.9^7 

June 

17.5 

(63.5) 

23.8 

(74.9) 

11.1 

(52.0) 

6.42 

(16.31) 

July 

20.9 

(69.5) 

26.8 

(80.3) 

14.9 

(58.9) 

2.40 

( 6.10) 

August 

19.8 

(67.6) 

26.1 

(78.9) 

13.5 

(56.3) 

6.76 

( 2.66) 

. 

Lewes, 

Delaware 

August  1973 

24.3 

(75.7) 

28.9 

(84.1) 

19.6 

(67.2) 

26.34 

(10.37) 

September 

21.1 

(70.0) 

26.0 

(78.8) 

16.2 

(61.1) 

6.88 

( 2.71) 

October 

15.1 

(59.1) 

20.9 

(65.7) 

9.2 

(48.5) 

4.24 

( 1.67) 

November 

9.7 

(49.4) 

15.2 

(59.3) 

4.2 

(39.5) 

4.57 

( 1.80) 

December 

5.2 

(41.4) 

10.2 

(50.4) 

0.2 

(32.4) 

16.84 

( 6.63; 

January  1974 

5.1 

(41.1) 

9.6 

(49.3) 

0.4 

(32.8) 

6.02 

( 2.37) 

February 

2.2 

(35.9) 

7.1 

(44.8) 

-2.8 

(27.0) 

5.69 

( 2.24) 

March 

7.4 

(45.4) 

12.4 

(54.3) 

2.5 

(36.5) 

11.20 

( 4.41) 

April 

13.6 

(56.4' 

19.8 

(67.7) 

7.3 

(45.1) 

4.65 

( 1.83) 

May 

16.7 

(62.0) 

22.0 

(71.6) 

11.3 

(52./) 

13.84 

( 5.45) 

June 

20.3 

(68.6) 

24.7 

(76.4) 

15.9 

(60.7) 

15.32 

( 6.03) 

July 

24.0 

(75.2) 

29.4 

(84.9) 

18.6 

(65.4) 

1.65 

( 0.65) 

August 

23.6 

(74.4) 

28.0 

(82.4) 

19.1 

(66.4) 

15.14 

( 5.96) 

September 

20.2 

(68.3) 

25.1 

(77.1) 

15.3 

(59.5) 

5.92 

( 2.33) 

October 

12.7 

(54.9) 

18.8 

(65.9) 

6.6 

(43.8) 

6.50 

( 2.56) 

'^vember 

8.9 

(48.1) 

14.4 

(58.0) 

3.4 

(38.1) 

2.21 

( 0.87) 

December 

4.9 

(40.8) 

9.4 

(49.0) 

0.3 

(32.5) 

12.12 

( 4.77) 

January  1975 

4.3 

(39.8) 

9.4 

(48.9) 

-0.7 

(30.7) 

13.51 

( 5.321 

(continued) 
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Month 

•c 

•f 

•c 

•f 

•c 

*r 

In. 

c« 

Lewes, 

Delaware 

February  1975 

3.9 

(39.1) 

8.5 

(47.3) 

-0.7 

(3.3.8) 

8.64 

( 3.40) 

March 

6.1 

(42.9) 

10.9 

(51.7) 

1.2 

(34.1) 

11.89 

( 4.68) 

April 

9.1 

(48.4) 

14.3 

(57.8) 

3.8 

(38.9) 

14.00 

( 5.51) 

May 

17.6 

(63.6) 

22.4 

(72.4) 

12.7 

(54.8) 

9.88 

( 3.89) 

.June 

21.6 

(70.8) 

26.1 

(78.9) 

17.0 

(62.6) 

8.20 

( 3.23) 

July 

23.6 

(74.4) 

28.2 

(82.8) 

18.9 

(66.0) 

17.75 

( 6.99) 

August 

2A.5 

(76.1) 

29.8 

(85.6) 

19.2 

(66.5) 

14.88 

( 5.86) 

Sapelo  Island,  Georgia 

August  1973 

26.3 

(79.4) 

30.6 

(87.0) 

22.1 

(71.7) 

22.02 

( 8.67) 

Septeober 

26.2 

(79.1) 

30.1 

(86.1) 

22.2 

(72.0) 

23.34 

( 9.19) 

October 

21.6 

(70.9) 

26.8 

(80.2) 

16.4 

(61.5) 

7.77 

( 3.06) 

Noveaber 

17.8 

(64.0) 

24.2 

(75.6) 

11.3 

(52.3) 

3.20 

( 1.26) 

December 

11.1 

(52.0) 

17.0 

(62.6) 

5.2 

(41.4) 

15.19 

( 5.98) 

January  197A 

18.1 

(64.5) 

23.6 

(74.5) 

12.5 

(54.5) 

2.72 

( 1.07) 

February 

12.8 

(55.0) 

19.6 

(67.3) 

5.9 

(42.6) 

8.00 

( 3.15) 

March 

17.8 

(64.1) 

24.4 

(75.9) 

11.3 

(52.3)  , 

8.46 

( 3.33) 

April 

19.2 

(66.5) 

25.1 

(77.2) 

13.2 

(55.8) 

^^.06 

( 1.60) 

23.9 

(75.0) 

28.8 

(83.9)  - 

18.9 

(66.0) 

3^51- 

-<  1.38) 

^Rune 

24.8 

(76.6) 

29.7 

(85.4) 

19.9 

(67.8) 

17.32 

( 6.82) 

July 

26.2 

(79.1) 

30.8 

(86.8) 

21.6 

(70.8) 

19.18 

( 7.55) 

August 

26.2 

(79.1) 

30.4 

(86.8) 

21.9 

(71.4) 

24.00 

( 9.45) 

September 

25.0 

(77.0) 

29.3 

(84.7) 

20.7 

(69.3) 

36.30 

(14.29) 

October 

18.8 

(65.8) 

24.3 

(75.7) 

13.3 

(55.9) 

1.57 

( 0.62) 

Noveaber 

15.8 

(60.5) 

21.7 

(71.1) 

9.9 

(49.9) 

2.18 

( 0.86) 

December 

11.7 

(53.1) 

17.1 

(62.8) 

6.3 

(43.3) 

6.10 

( 2.40) 

January  1975 

13.2 

(55.7) 

19.1 

(66.4) 

7.2 

(45.0) 

8.92 

( 3.51) 

February 

13.9 

(57.1) 

19.5 

(67.1) 

8.3 

(47.0) 

7.65 

( 3.01) 

March 

15.2 

(59.3) 

21.3 

(70.4) 

8.9 

(48.1) 

9.05 

( 3.17) 

April 

18.2 

(64.8) 

24.0 

(75.2) 

12.4 

(54.4) 

10.13 

( 3.99) 

May 

23.4 

(74.1) 

28.4 

(83.1) 

18.3 

(65.0) 

10.72 

( 4.22) 

June 

25.9 

(78.6) 

30.9 

(87.6) 

20.8 

(69.5) 

5.72 

( 2.25) 

July 

26.1 

(79.0) 

30.7 

(87.3) 

21.5 

(70.7) 

10.70 

( 8.16) 

August 

26.9 

(80.4) 

31.8 

(89.3) 

21.9 

(71.5) 

9.04 

( 3.56) 

e 

AS 


Mean  Low  Water 

Mean  Hlsh  Water 

Maxlaum  High  Water 

Month 

• ft 

■ ft 

m ft 

B«r  Harbor,  Maine 


Au(uat  1973 

-0.01 

(-0.02) 

2.83 

(9.29) 

3.31 

(10.86) 

September 

0.04 

( 0.12) 

2.81 

(9.21) 

3.25 

(10.66) 

October 

0.07 

( 0.23) 

2.77 

(9.03) 

3.28 

(10.75) 

November 

-0.04 

(-0.13) 

2.70 

(8.87) 

3.27 

(10.74) 

December 

-0.04 

(-0.14) 

2.71 

(8.89) 

3.55 

(11.66) 

January  1974 

-0.20 

(-0.66) 

2.58 

(8.48) 

3.36 

(11.03) 

February 

-0.22 

(-0.71) 

2.55 

(8.38) 

3.45 

(11.31) 

March 

-0.24 

(-0.78) 

2.49 

(8.18) 

3.16 

(10.37) 

April 

-0.15 

(-0.50) 

2.56 

(8.40) 

3.16 

(10.36) 

May 

-0.18 

(-0.59) 

2.65 

(8.70) 

3.01 

( 9.86) 

Juna 

-0.17 

(-0.57) 

2.67 

(8.75) 

3.42 

(11.21) 

July 

-0.13 

(-0.42) 

2.68 

(8.75) 

3.31 

(10.86) 

Auguat 

-0.20 

(-0.64) 

2.57 

(8.43) 

3.29 

(10.78) 

September 

-0.05 

(-0.17) 

2.74 

(9.00) 

3.37 

(11.05) 

October 

-0.06 

(-0.20) 

2.69 

(8.81) 

3.30 

(10.82) 

November 

-0. 18 

(-0.60) 

2.62 

(8.59) 

3.36 

(11.01) 

December 

-0.07 

(-0.22) 

2.80 

(9.o3) 

3.65 

(11.98) 

January  197S 

-0.09 

(-0.30) 

2.77 

(9.09) 

3.52 

(11.54) 

February 

-0.05 

(-0.17) 

2.75 

(9.02) 

3.56 

(11.69) 

March 

-0.06 

(-0.19) 

2.82 

(9.24) 

3.45 

(11.33) 

April 

-0.03 

(-0.09) 

2.82 

(9.25) 

3.41 

(11.20) 

May 

0.00 

( 0.00) 

2.79 

(9.16) 

3.31 

(10.87) 

Juna 

0.04 

( 0.13) 

2.82 

(9.25) 

3.23 

(10.61) 

July 

0.03 

( 0.10) 

2.80 

(9.13) 

3.36 

(11.04) 

Auguat 

0.03 

( 0.10) 

2.81 

(9.21) 

3.42 

(11.22) 

Le%ics, 

Delaware 

Auguat  1973 

0.19 

( 0.61) 

1.46 

(4.73) 

1.88 

( 6.16) 

September 

0.22 

( 0.73) 

1.47 

(4.81) 

2.07 

( 6.76) 

October 

0.14 

( 0.47) 

1.41 

(4.63) 

2.12 

( 6.96) 

November 

0.01 

( 0.02) 

1.25 

(4.09) 

1.79 

( 5.86) 

December 

0.05 

( 0.17) 

1.25 

(4.14) 

2.30 

( 7.56) 

January  1974 

0.09 

( 0.28) 

1.31 

(4.29) 

1.90 

( 6.23) 

February 

0.05 

( 0.18) 

1.32 

(4.32) 

1.96 

( 6.43) 

March 

-0.02 

(-0.08) 

1.23 

(4.03) 

1.77 

( 5.80) 

April 

-0.04 

(-0.13) 

1.25 

(4.13) 

1.73 

( 5.68) 

May 

0.07 

( 0.23) 

1.35 

(4.43) 

1.79 

( 5.86) 

June 

0.16 

( 0.51) 

1.42 

(4.66) 

1.98 

( 6.50) 

NOAA  cldc  gau'e  was 

destroyed  In  a fire. 

Data  are 

unavailable  from 

July  1974  through  December  1974. 

January  1975 

0.02 

( 0.06) 

1.26 

(4.14) 

1.57 

( 5.16) 

February 

0.00 

( 0.00) 

1.29 

(4.22) 

1.01 

( 5.95) 

March 

0.02 

( 0.06) 

1.27 

(4.18) 

1.41 

( 4.62) 

(continued) 


B2 


Mean 

Low  Water 

Mean 

High  Water 

Maximum 

High  Water 

Month 

m 

ft 

ID 

ft 

n 

fr 

Lewes, 

Delaware 

April  1975 

0.08 

( 0.27) 

1.36 

(A. 47) 

1.91 

(6.28) 

Hay 

0.08 

( 0.27) 

1.36 

(4.47) 

1.83 

(5.99) 

June 

0.07 

( 0.22) 

1.35 

(4.42) 

1.91 

(6.26) 

July 

0.12 

( 0.39) 

1.39 

(4.56) 

1.81 

(5.93) 

Fort  Pulaski,  Georgia 


August  1973 

0.16 

( 0.53) 

2.24 

(7.35) 

2.70 

(8.86) 

September 

0.31 

( 1.01) 

2.33 

(7.64) 

2.90 

(9.51) 

October 

0.42 

( 1.39) 

2.37 

(7.79) 

2.82 

(9.25) 

Mov ember 

0.29 

( 0.94) 

2.31 

(7.58) 

2.97 

(9.75) 

December 

0.07 

( 0.22) 

2.12 

(6.94) 

2.74 

(8.99) 

NOAA  tide  data 

unavailable  January  1974 

through 

December 

1974. 

January  1975  ■ 

-0.03 

(-0.10) 

2.03 

(6.66) 

2.59 

(8.50) 

February 

0.05 

(-0.16) 

2.13 

(6.99) 

2.59 

(8.50) 

March 

-0.02 

( 0.08) 

2.07 

(6.78) 

2.59 

(8.50) 

April 

0.05 

( 0.15) 

2.10 

(6.89) 

2.53 

(8.30) 

May 

0.13 

( 0.44) 

2.18 

(7.15) 

2.53 

(8.30) 

June 

0.14 

( 0.46) 

2.32 

(7.60) 

2.65 

(8.70) 

July 

0.03 

( 0.09) 

2.05 

(6.73) 

2.47 

(8.10) 

August 

0.05 

( 0.16) 

2.11 

(6.91) 

2.50 

(8.20) 

B3 


APPENDIX  C:  MONTHLY  MEAN  VALUES  FOR  LIVING  AERIAL  BIOMASS,  DEAD 
AERIAL  BIOMASS,  LIVE  TO  DEAD  RATIOS,  LIVING  STEM  DENSITIES,  AND 
INDIVIDUAL  LIVING  STEM  WEIGHTS,  FOR  THE  ANGIOSPERMS  SAMPLED. 
(LIVING  STEM  WEIGHTS  ARE  BASED  ONLY  ON  PLOTS  THAT  HAD  LIVING 
MATERIAL  PRESENT.) 


Distichlia  avioata,  Georgia 


Spartina  patmf.,  Delaware 


Collection  Date  L D L:D  SO  LSW 


l>iatiohlia  apiaaUt,  Delavare 


Collection  Date  r.  Interval 


25  August  1975 


